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ABSTRACT 

This is the sixth volume in a UNESCO series of 
comparative studies designed to establish the conceptual bases of the 
comparability of programs and degrees at various stages of training 
and to ascertain the general criteria for determining international 
equivalences in order to simplify recognition of degrees or diplomas 
obtained at other institutions in an individual's home country or 
abroad. This volume presents the results of a study focused on 
training in the engineering sciences. Countries involved in this 
study include the U.S.S.R., the United States, The United Kingdom, 
India, and France. The report includes discussions of trends in the 
development of higher engineering education, analyses of curricula^in 
the countries surveyed, and conclusions regarding the survey. 
(PEB) 
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Preface 



This publication is the sixth in the series entitled Stmlies on International 
Equivalences of Degrees, the idea of which was approved by the General 
Conference of Unesco at its thirteenth session in 1964. 

These are comparative studies which set out to establish the conceptual 
bases of the comparabilit> of studies and degrees at the various stages of 
training and to ascertain the general criteria that will make it possible to 
determine international equivalences, thus simplif>ing recognition of degrees 
or diplomas obtained in other mstitutions at home or abroad. 

The present stud> assembles the results of a survey undertaken in a number 
of countries in which there exist one or more systems of training in engineering 
sciences. These systems were selected because they are prototypes of which 
man> variants are to be found in countries belonging to different regions of 
the world. 

The results that the survey revealed are set out in such a way as to facilitate 
comparison between the degrees and diplomas awarded for studies in engineer- 
ing sciences in the different countries. The results ma> also be compared with 
those provided b> the comparative analysi, of studies and degrees in inter- 
national law, which are the subject of the fourth volume in this series. 

The preparation of the study was entrusted to Professor Anatoly I. 
Bogomolov, Head of the Department of Methods and Studies at the Ministry 
of Higher and Specialized Secondary Education of the Union of Soviet Socialist 
Republics. 

The work is intended primarily for three categories of reader, first, for all 
those who, in one country or another, are responsible for assessing the level 
of training of people wishing to take up studies in engineering sciences or 
continue their studies or research in a no* institution for the purpose of 
specializing in these disciplines, or of those who wish to use the engineering 
knowledge and training the> already have professionally in an administration 
or business, at home or abroad; second, for students and research workers 
who want to know the systems of instruction in this discipline and the degrees 
obtainable on completion of the various stages, and lastly, for comparative 
education specialists and educational planners for whom the pages which 
follow can prov ide information and material for comparisons as regards studies 
and degrees in engineering sciences. 

The Secretariat of Unesco wishes to express its gratitude to Professor A. I. 
Bogomolov and to all those who helped in the preparation of this work. 
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The dcMgnationb used in the contributions must not, of course,^ be taken 
as expressing the \ie\vs of Unesco on the legal status or political s>steni of any 
LOuntr\ or territor>, or on the position of its frontiers. Moreo\er, Uncsco is 
not committed in anv \\a> b> the author's \iev\s, the facts stated or the opinions 
expressed with regard to those facts ^ or b> the general presentation and tone 
of contributions. 
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Problems concerning the 
comparability of diplomas 



The broadeiiini: of lIosc LoniaLls among Lounincs in soKing fundanienial 
jjcieniiliL and iCLlinologiLai problems wiih a siew lo ensuring ilie pro.speril}' of 
a fuiure soeiely is an on islanding feaiure of our linic. 

In I he pasl. major disLOseries came from indiNidual researLhens who were 
nol provided wilh adevjuale faLiiilies for expcrimenlalion, ihe deselopmenl of 
leehnolog) lagged behind lhai of SLienee, and decades or somelimes cenuineb 
passed before such discoveries were placed al ihe sersiLC of mankind. Only a 
small fraction of people, drawn from ihe ruling lUss, had aecess lo cducalion 
in eacli couiilrv in the pasl, and for ihis reason cducalion could nol be a 
depend Me \ chicle for ihe iransformaiion and deselopmenl of soLiely, ihere 
was no close relaiion beiween the econoni) of a gi\en country and the onenla- 
iton and aeademiL e\Le!Ience of its eduLational svsiem. All this was bound lo 
lead 10 a siuiaiion where each pedagogieal and .SLientific sehool des eloped in 
isolaiion, and some institutions of higher learning, niLluding the world's 
largest, were passive when it came lo exchanging experienLC and iiKorporaling 
progresMNC trends in training Lompeteni personnel and researchers fiom other 
uniNersiiies of the same o' some other eountry. 

Now that the SLienlilic .'n.i technological revolution is under way. science, 
lechnolou) and education are developing in a harmonious manner and al an 
ever-growing pace, and ideas formulated b> sLienlisls arc translated into life 
and made to serve society within much shorter periods. 

Societ) requirLS researchers and engineers to ensure that all discoveries 
should be made to benefit mankind as soon as possible. Large teams incorporat- 
ing the talent of pure and applied scientists, test engineers and designers,, 
technologists and specialists in other fields, have taken over from individual 
rescarLhers whenever important sLientilic and teehnologiLal problems arc to 
he solved Sol let v is faced with ever-Lhanging problem.^ of woild-wide sign if il- 
ance, such as those involving the peaLcful uses of atomiL energy, space explora- 
tion, interplanetary travel, depollution of the atmosphere, and the development 
of supersonic aircraft, the solution of which is the concern of most, if not all, 
countries of the woild, and problems of this magnitude can be solved nuieh 
more quickly if rescarLhers and praetiLal experts of various countries pool and 
co-ordinate their elfort.s. 

It can be presumed therefore that co-operation between countries for the 
joint solution of major scientific and technologiLal problems will constantly 
expand. It is for this reason that countries need to have a clear idea of the 
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scicnlilic polcnlial of bpccialisls and rc^jcMrclicrs iiKludiniZ ihosc educated 
abroiid or drawn from oilier nalionb whose qualilkalionb arc ccriiHed l)> 
diplomas or oilier appropriale lesimionials. 

Whether aliempls lo solve sucnlilic and lechnologiuil problems are crowned 
wilh sucvcss depends prinianh on ilic slruclure and standard of training of 
researchers and specialists. It is no accident then that the problem of perfectinii 
the s>steni of education and raising its standard of tuition should be a major 
concern of iZo\ernnients, scientific circles iind others, with iiiternationiil co- 
operation in this field aKo incrcMsing. Countries exchange professors and 
lecturers io a growing extent so as to share experience in training expert 
personnel, more and more \oung people are sent to take a complete or 
partial course of studies at foreign educational estiibhshnients. Comparison 
vl diploniiis or. to be more exact, of levels of education would make it possible 
for institutions of higher learning to a\ail theniselNcs of the experience accumu- 
lated in other countries, with tlie result that the oNcr-all level of training o*' 
specialists in all countries would improve. 

The growing rate of the scientific and technological revolution makes it 
neccssar) for the deseloping countries to obtain assistance from the advanced 
nations in training expert personnel and researchers in a number of specialities 
with particular eniplu. -s on new branches of science, technolog> and culture. 
The >outli of the de\ eloping countries in which soiii;^ of lliose brandies have 
not yet been niised to the desir*ible level arc eager to obtain educ*ition and 
scientific qualification in those countries where such branches have reached 
a high stage of development. 

InsuHicicnt inforniiition on the levels of educiition and training uf (e*ichers 
and researchers in \iirioiis countries quite often results in a situation where. 
vn retuiniiig to his coi'iitrv, ii \oung specialist or researcher educated abro*id 
IS either not recogni/ed as *i suit*ible candidate to occupy *i post for which he 
has in fiict b^^en trained or is oifered a much higher position than he is actually 
ijuahfied for. in other words, diplomas, degrees *ind aciidciiiic titles awarded 
abroad are either underrated or overrated. 

When admiiiing young people to educational in.^titutions or providing them 
with an opportunity to obtain or nr. prove their scientif^ qu.i'.j^ications, it is 
indi.>pensable to know llie level of education or the scientihc qualifxation they 
have acquired in their own countries. 

Ii would seem that the purpose of expanding international co-operalion, 
riiising the level of education, and rendering mutual *issistance m tnuning 
spcciiilists and researchers will be served if there is recogni/ed comparability 
of diplomas, certificates and other documents attesting to the qualification of 
specialists and researchers at all level.s. 

It is no less important for those hoping to study or obtain a degree or 
acad<.*niic c|ualificaiion abroad to be familiar with tlie comparability of 
diplomas so that they can plan their careers in the country where they will 
be workm^, on completion of their studies or after qualifying as a practical 
expert or researcher. 

The problem of the comparability of educational or scientific quahfic.iiions 
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should be considered from iwo ^intiles. universiiv or ^iLadenik, jnd »idnim- 
isluUiNe or legal. 

Unnersil) (or <icadeniic) conipaMhilii> delerniines llie eligihi!ii> of a 
candidate lo go on lo higher oducalion or to undertake ad\anccd research 
work if he has received an education or obtained a SLientific qualifkation of 
a lower le\el at another educational institution or in another country. 

\dministraii\e (or legal) coniparahility is the term used when the limI sersKc 
aulhonlies, a professional assOLiation, an industry, or a research ur educational 
insiiiut!on wishes to assess a diploma with a \icw to establishing whether the 
holder meets the requirements of the position sought. 

The bulk of graduates from higher educational establishments seek jobs in 
industrv and Narious t>pes of institution, so that it is admrnistratis coniparabil- 
it\ that matters in the linal analvsis. However, the problem of comparability of 
diplomas should not be approached solely from the administrative or academic 
point of view A university cannot train specialists and researchers without 
fornuilatmg the requirements that their graduates are supposed to meet m 
professional life Hence the task of establishing univiTsit) compurability and 
the task of determininL. administrative comparability seem to be mutually 
related. 

\ line of distinction between uni\ersit> and adniinistra.ive comparabilii) 
of diplomas is only drawn to counter the argument that studies to establish 
such comparability aredoomcd lo failure in view of theautononi) of universities 
<ind their noii-recognition of such attempts. It must be remembered that what 
firms and other institutions wish to determine is the functions that specialists 
and researchers can perform rather than the views of higher **ducational esta*-- 
lishments on eligibility to proceed to higher academic degrees. 

There is no doubt whatsoever that a solution to the problem of comparabilit> 
of diplomas involves a host of diHlculties and that it should be arrived at by 
easy stages and with some reservations at the initial stage. To begin with, the 
problem of connxirabihty should noi be extended to cover undergraduates who 
have attended c»r plan to attend lectures and undertake other types of aiadcmic 
act'vity in separate subjects. When tackling the problem of comparability, only 
those students should be considered who pursue their studies on the regular 
pattern and take a complete course on a full-time basis. Nor is it reasonabic 
or even possible to compare the levels of education of 'regular' learners engaged 
in identical areas of sii'dv (in diflerent educational establishments) in terms of 
separate vears of stud>. In such cases, comparability of education should be 
cstabhshed by universities with due regard to all local conditions prevailing at 
ihoic institutions of higher learning at which the students concerned have 
studied or will pursue further studies. 

The system of training specialists, teachers and researchers has its specific 
features in each country and has evolved historically in line with the specific 
economic, social, political and other local conditions. 

The choice of disciplines in the training of engineers is governed in each 
countrv bv the s:ructure of individual industries and industrial enterprises as 
well as of sciemific and cultural mstitutuns. These structures are peculiar to 
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iiuliMdua! Luur.lnc^, ihal ihc li^l^ of ^pcLialln-b in wIiilIi hjiilicr cdutaHonal 
CNtabliblimcnts in c*iLh LOunir> tr*iin c\perl pcr:>onncl do not Lurncidc cillicr. 
The patterns of niajoriniz for imdcrgradualc^ alM) diHcr from ^nc LOiinlr\ lo 
♦mother, lo Mith an e\lenl thai il is eMrenieh dilViLull lo compare speciahies 
and niajurN olVeicd h> insliUilions of higher learning in dilVerenl counlnes. 

Bill ihe dinicuhies do not end ihere. in some coiinlries, such as ihe U.S.S,R., 
iindergradiuiles are supposed lo h*i\e on-lhe-job iriiining in indusir> in !ine 
with tlie chosen fields of LonLeniralion. Hence, when lhe\ graduate from a 
higher edLiL*ilional estabhshnienu lhe\ are inimediatLlv qualified, without 
prior probation, to claim permanent emplovment and carrv out the functions 
prescribed for the positions they occupy. 

In other countries, such as the United States of America, on-the-job training 
Is nut included m tlie curricuKi, and gr.iduates from higlicr educational estab- 
lishments are therefore obliged to go through an additional period of practical 
experience in firms before the\ can start their careers in induslr\. 

It ma> be safeK assumed that tiiere are no two institution^ of higher learning 
whose curricula and svllabuses would wholK coincide. The titles of courses 
an the distribution of stud\ matter as between \arious subjects as well as the 
order in which thc\ are taken dilfer as a rule between dilTerent institutions of 
higher learning in «i given country, let alone between dilTerent countries. 

Indeed, in some higher educational establishments, majoring starts as from 
the second year of study, in others from the third, and m still others from the 
fourth, and. accordingU. the set of general science subjects rs taken at dilTerent 
leseis. loo However, on completion of the full course of studies, graduates from 
all these institutions of higher learning may have an education of identical level 
ahliough the progranmcs for the second, third, or fourth year of study may 
dilTer a,s between :lA.se institutions, both in volume and content uf schooling. 

When liiscussing the comparability of levels of education, therefore, it is desir- 
able to consider and compare only completed cycles of education for instance, 
complete general secondary education or individual stages of higher education, 
completion thereof being certified by an appropriate diploma or degree. 

For all the variety of specialist and researcher training systems, it would be 
wrong lo say that higher educati4)nal establishmenls of dilTerent countries have 
no common objectives, as was the case in the past. Today, schools of higher 
studies in all countries are called upon to educate, within the shortest time 
possible, creative minds who can make use of all that has been achieved by 
world science and technology to ensure further scientific and technological 
progress and the solution of new problems pu.sed by society. One is mclijied 
lo agree with G. L. M. Bird when he aHirms that: 

. . there van be Lonsiderable difVeienLCs in the structuie of cngnieenng cduc*ilu)n 
and training between countries A. B . . . Z and yet these can be equal in esteem the 
professional engineer is equal in abilities and worth. * 

1. G. L M BikI. "Some L'luicd KingOom rradihons. PiacUccs and rrciuN'. Ihc Irainutf! 
of rioli SMonal Iji^'i/ichs I ifth htU inaitonal Con^iu ss oj l.ni^iiiccts, 27 ScpU'wln'r to 
/ Oitok'i 1^)7 Is p. 2S. t,oiidon. The Iiisliiuiion of Civil t^njiinccrs. 
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Indeed* if one Lon^idcr^ ihc iid\*iiKcd Louinncs luiMiig diverge eduCii(ion*il 
>\Ntem!>» one in bound (o adnm iluii .scieniilic and (echnoloiiical problem.s of 
♦in idcniiLal degree of compleMiv, milH ihe deselopmeni of supersonic air- 
Lraft or space Nehitlos, are sohed sikcessfulK b\ iheir respective naiional 
cxperls. ll siands lo reason ihen (hat dilVerem educational sv stems can pro\ide 
for the tr«iinini! of top-le\el specialists *ind researchers of more or less equal 
stiindinu. To c\irr\ the argument further* one ma\ suggest that it is possible 
to elaborate integr^il criteria suit«ible f jr determining a lesel of scientific training 
u> be acliie\ed with dillerent educational s) stems. It would seem reasonable 
that such cntcri«i should be est»iblished for completed stages of educ«ition iilone. 
Consideration will be gi\en in the following chapter to patterns of higher 
education in \arious countries of the world against the background of this 
suggestion. 




Requirements to be met 
in training 

engineering personnel 



Specific conditiuns under which engineering perbonnel are trained exist not onI> 
in each particular countr> but also at each inbtitution of higher learning. Even 
the term 'higher education' seems to denote diflferent things to different people. 

There are countries in which an> education based on a complete general 
secondar> education is referred to as *higher\ In some countries, higher 
education comprises a number of stages, each stage entitling the student to 
an appropriate uegree or diploma -on completion of two, four, five or six 
\cars of stud>. The period of advanced studies for the highest academic degree 
would in some countries be regarded as the final stage of higher education. 
Advanced training of specialists graduated from universities is often considered 
as continuing higher education. 

Var>ing interpretations of the term 'higher education' lead to high-school 
graduates being awarded dilTerent qualifications. It is a common practice for 
te^.hnica' educalion.«l establishments to award the qualification of *engineer' 
to their graduates, but the word is accompanied by a modifying additive to 
denc.e a specific level of schooling. As a result, a wide range of terms is in 
current use. such as 'professional engineer' and *master engineer' (Poland), 
"shop engineer' and 'graduate engineer' (Hungary), 'engineer' and 'graduate 
engineer' (Federal Republic of Germany), 'pre-engineer' and 'engineer' (Roma- 
nia), 'degree-engineer' (United States). 'ctiuUatit-itigeniciir\ ' itigenietir^ and 
'iloctCitr-ingaiieur* (France), ^itigenieur Jiplonie* and 'ifigcfiieur te:bnicien 
(Switzerland), etc. 

The terms 'secondary specialized education' and 'technician' have come into 
being in recent years. The appearance of these terms was prompted by the 
expansion of specialized secondary education as an intermediate academic level 
between general secondary and higher. As the scientific and technological 
revolution got under v\ay. researchers and engineers capable of creating 
sophisticated equipment, machinery, instrument? and constructions, began to 
be m great demand in industry, agriculture and other spheres of material 
production. To make the work of these men more efficient, technicians were 
brought in on a large scale as assistants on auxiliary operations. 

However, no hard-and-fast line has so far been drawn between specialists 
who obtain the qualification of 'technician' and those who are awarded the 
degree of, let us say. 'pre-engineer' or 'graduate engineer'. Nor is there any 
difference in the denomination of edu^.ational establishments notwithstanding 
the fact that some of them are intended to tram technicians and others graduate 
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engineers Yci in boili cascb lhc> arc referred (o as hrglier educational csiab- 
lislinienis. 

Suii7erland'b i\oU \ tahniqiu ^ ^upCrkun \ enrol >ou(hs lia\inii an incomplclc 
general secondarv educalicn (nine grades) and a praciieal iraming of four 
\ears * An educauonal es(ab!»^linien( of ilits kind olfers a ilirce-\car course 
on eonipleiton of v>hicli ihe qialHicaiion of ingcnieur tcduudcn is awarded. 

Praciical (raining carried out :or four vears consists in mastering a wc-ker s 
trade, and it terminates in the ward of a federal qualitieaiion certiticate 
iccrtifif at JciKnd dc vcipcuitc). wliKh scr\es to testif\ that its holder has received 
knowledge suflicicnt to qualif> as a skilled worker The certificate can only 
be obtained bv taking an examination, which is designed to verify kno-lediic 
and check skills in the following fields: (a) workmanship, professional know- 
ledge, mechanical drawing: (b) cnlculation techniques, computation, nati\e 
tongue, economics. 

The contents of the examination lead one to conelude that practical training 
does not complete general secondarv education and that therefore a graduate 
from such an educational establishment, who is entitled to the degree of 
mcnienr tcclmicwn after three \ears of stud\, has not e\en a complete general 
secondary education. 

In his article, H. A. Gonthier goes on to suggest that the content of the 
training programme for ingducun Utiwkum (non-university le\el) in Switzer- 
land should be altered towards impro\mg the general-education, scientific and 
engineering aspects of schooling, and raising the entrance and leaving levels 
of the higher technical schools at the expense of practical training. Only if 
this IS done can engineers of this categorv be recognized abroad, including 
the Common Market countries. It has already been hiid down in Switzerland 
as a first step towards this goal that a techmeian engineer is no longer expected 
to have evpenence as a w orker and that he should not be assigned an 'executive' 
role in the shop but should rather undertake eounselling and guidance activities. 

In French-speaking Switzerland, graduates from the higher technical schools 
are entitled to take an examinjiion to obtain the degree of Bmlw/ier Technique. 
Those failing mav sit for an examination for a federal qualification certificate. 

H A Gonthier admits that the piactical training of Swiss Cechnicians does 
not dilTer in principle from that of skilled workers and consists in developing 
manual skills for four >ears. Those completing the course are also entitled to 
a fedenil qualification certificate, which makes them eligible for a two-year 
course of theoretical schooling in one of the following three fields of concentra- 
tion* mechanics, micotechnolog) and electronics engineering, with a choice 
between construction and exploitation. 
Summing up the situation as existing in Switzerland, H. A. Gonthier savs: 

\a hicrarchie dans les professions techniques supeneures eomporte trois 
echelons- les ingcnieurs diplonies. Ics ingcnieurs tcehniciens et Ics teehniLiens. 

1 Sec- n A. Gonthier. Organisation d une R)rniatK>n Prauque dans rindustne i?u 
Benefice dcs Ingenieurs do Nivenu non UniverMtaire et des Techmeiens', The Tratnutf; 
of Pro/vKsioftal Lninnars . . op. eil. 
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Oilier c\aiup'c5 could be ulcd lo prove llial ililVcrcni meanings arc asLiibed 
U) llic words hiulicf and 'engineer', and llus undouhledI> farlher Lompli^ales 
the alread) oniplex problem of formulalmg methods for esiablislimg Ihc 
Lomparabilil) •)f diplomas, ^ei ItiiLales and a^ademiL qualiliLaiions. 

\l ihisjmiLlure ihe question arises of whether suJi dc^l>Inatlons as 'shop 
engineer' , 'tCLhniLian engineer' or 'pre-engincer' t^amiot be legarded as Li)m par- 
able lo the qualillLalion of teLhniLian. This has a direct bearing on the idea of 
resising the established praLtiLe wherebv the woid 'higher' is attributed to 
wliatCNer lesol of Ldin-ai* >n is fixed abose 'genera! se-.ondar)'. In dealing with 
this problem it is also n.iportani to re^ogni/e that diUercnt qiialilieations are 
MiNolNed ui the training of teLhnieians and high I \ skilled wirrkers. 

There seems to be no objeLtion to Lonsidering that scLondarx speeiali/ed 
education has dilVerent levels. But, in our Mew, the same can hardiv be said 
Willi regiird lo higher education. Tht* word 'higher' suggests on!\ one inier- 
preiaiion. If higher education is taken to mean two dilVerent lesels il would 
be more appropriaie to clas>»f> ihe lirsi lesel either as mcompleie higher or as, 
sa>. seeondarv speeiali/ed of an adsaneed lesel. The worJ 'higher' suggests 
ih * linal stage of education. The person who has receised an education at ihis 
level embarks upon the road of independent c realise acti\it\ and is expected 
lo contribute to the deselopment of science and engmeering. 

if the term 'liigher education' is interpreted to mean onl\ one thing, dassifi- 
calion of engineers into professional, graduate, non-graduate groups and so on 
seeiiis hardl> possible A person can be an engineer onl\ if he holds a diploma 
a I testing to higher education, in all other cases, i e. if a lower lesel of education 
IS inNolsed, he should be regarded as a technician. 

The time seems lo ha\e come to revise the description of indisidual lesels 
uf instruction b\ giMng each one of them an appropriate delimiion and possiblv 
arriMiig at a qualitative criterion. 

It would also perhaps be expedient to determine a spc^ilic stage of schooling 
ai which a speciali.^t max be regarded as ha\ing completed higher education 
and bevond wludi he is expected to perfect his academic standard thsough 
\arious fornix of advanced training. 

lo substantiate the above ideas, examples of technician tiaimng procedures 
will be given and statements bv r-'-omir.ent scientists on the problems raised 
in the foregoing pages will ^ quoted. 

bntil rccenilv, the categor> of technicians was treated in some countries on 
the same footing as that of highl> skilled workers. The Lducation Act passed 
in the Socialist Republic of Romania on 1} Ma> l%8 stipulates (Article 122) 
that technical and polv technical institutes shall be charged with the task of 
training pre-enginecrs and pre-architeds as engineering personnel iniermediate 
betwcvn engineers and technicians {foremen). Appropriate arrangements have 
already been made in Romania. 

In ihc U.SS.R., the training of lechnicums, which dates back to the years 
precccding (he October Revolution, follows two distinct patterns, on the basis 
of incomplete general- ;duca(ion secondary school leight grades) for three lo 
live years (depending on the lield of learmng chosen) from 15 li> IS or 19 years 
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of age, and on (he ba^ib of complete secotulars slIiooI for (wo (o (hree vears 
(depending on (he lield of learning chosen). In (he former case socai'ional 
training is accompanied In compledon of general seLondar> educaiion. There- 
fore ihose who receive a secondarv speciah/ed eJucanon on ihe hasis of 
inconiple(e (eigh( grades) or complete (ten grades) secondarv school hasc an 
ideniical IcncI of ednca(ion. The} are awarded ihe idenucal qualilicadon of 
technician atid arc all eligible for insdtudons of higher learning ihroimh 
conipetiti\e e\amina(ions. * 

A W'hKc Paper published in (he Uni(ed Kingdom,' admits that it is a recent 
trend to regard Brt(ish (cchmcians as a pardcniar ca(egorv of specialists. Manv 
thousands of men and women are alreadv eniplo>ed as technicians and theiV 
number is growing constantly. 

Technicians arc (rained in technical colleges. Secund-gradc school-leasers not 
below 16 >e:irs of age who lia\e obtained a general Jerdficate of education, 
ordinar) level (GCE O ). are eligible for admission to such colleges. 

There were a mere 4,000 technicians in the United States in 1920: over 
I million technicians are employed in industry at present.-^ 

The methods of training technicians in (he United States are also changing. 
While in the past the> were trained during the first two vears of study both at 
uniNcrsities and colleges as well as in specialized regional \oca(ionaI schools, 
emphasis is now laid on the expansion of the network of regional schools, 
wi(h the share of the universities in this programme gradualh dumnishnm, 
as may be seen from the following:"^ 

There were 2,200 technicians trained at universities and colleges in 196,3: 4,000 

m 1970: and there are expected to be 4,600 in 1974. 
There were 24,900 technicians trained in speciali/ed vocational schools in 

accordance with special programmes in 1963; 66,900 in 1970 and there arc 

expected to be 82,300 in 1974. 
The United S(ates vocational schools^ curriculun. of training of electronics 
technicians, which is the most sophis(icated specialt) from the point of vtevv 
of the amoun( of (heoretical courses to be studied, is composed as shown 
in Table I. 

Each semester lasts for fifteen weeks, making a total of 675 tutorial hours 
and ( .080 practical l( would seem that thi,s allows for no more than the training 
of technicians. 

I'or a long time technicians were trained at relativel) few schools in France 



1 Skilled uorkcrs arc tiained on the basis o!" irKonipIele * nd complete seeofulary sehool 
»n vocational training schools where emphasis is laid on helping voung people to develop 
skills ami acquire habus of iinderiakmg working operations. Some of the vocational 
training schools provide their students uuh an opporiiinity to complete general secondary 
education Thev olfer special theoretical knowledge to Miidenis to the extent required 
bv a skilled worker 

2 Ji^'tur Opportunitu's in Icihnual Ij/iuation. p 5. lA)ndon, HMSO. I%i. 
3. Ihstontiil Statt\tus of the Unitvd States, p. 75. Washington t).C .. 1960 

4 rt-ilinwal ManpoMci Rii/nircffn'nt\. Rvsouucs and '/tfunifn: \m/s. p OS S VVashinulon 
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Tahu I. The Limed States vocational schools' curnculuin of training of electromc 
technicians 



Title of ^.OUfM? 



No ol' hour^ per wtek 



Ai home 



loMl 



ftrsl seniestet 
Engineering mathematics 
DC circuits 
Mechanical drawing 
Communications equipment 
Social j>ci dices 



6 
2 

6 

6 



!2 
!5 

9 
9 
9 



Total 



14 



12 



28 



54 



SecomI semester 
Hngiiieering mathematics 
AC circuits 

Fundamentals of electronics 
Production processes 
Tcchn o logica I rc por 1 1 ng 
Graphic analysis 

TOIAL 



4 

3 
3 

i 
I 

12 



6 
6 
3 

3 

18 



8 
6 
6 
1 

2 
2 

25 



12 

!5 
15 
4 
3 
6 

55 



Third senie:>icr 
Ungineering sciences 
Control circuits 
tiectronic circuit designing 
Information theory 



12 
6 
15 
15 



Total 



10 



18 



20 



48 



Fourth semester 
Research skills 
Ultra-high frequencies 

and microwaves 
Television circuits 
Industrial electronics 



6 
6 
6 



15 
15 
15 



Total 



24 



21 



54 



as an extra aUiMty combined with the training of skilled workers.^ Later the 
situation changed radically. The demand for technicians in industry grew 
roughly twice as quickly as that for engineers, resulting in a larger output of 
technicians, who are trained at present on two patterns (a) a three-year course 
for students aged from 15 to 18 at secondary educational cstabhslinients; and 

I. bee I*. Ciuillen, L Organisation dune formation Pratique dans I'lndustric dcs Ingenieurs 
Diplonies et de leurs Collaborate urs Diplomes*. The Trammg of Professional [jinmeers 
. . op. cit. 
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T\Bii 2 Breakdown of technical training activities 



, , , lolal hours ot bUuly uork 



nrsi J car Second >car 



IXsignnig m 180 

Technology of production 30 30 

On-the-job practice 135 195 

Preparation 60 45 

Organization of production 1 5 30 

Metallurgy 50 

ToiAi 480 480 



(b) a l\\o-\car course for sludems aged from 18 lo 20 upon coniplclloii of a 
secondary educational course. 

The latter arrangement serves to train icchmcians of higher standing {techm- 
dens siipcricurs) The eurricuhini for irammg tahniaens supcriciirs blipulalcs 
L035 academic hours for each \ear of study, of which 555 hours are allotted 
lo general-education disciplines and 480 hours to technical traming. 

Tcclmkiem supcncurs are normally employed as assistants to engmeers m 
realizing engineering projects They arc tramed at technical /rrm, formerly 
known as cloIck nan'onalcs profcssiowwUes. In 1965, the trainmg of specialists 
of this calegorv was begun ui instituts umicnitwn\s dc technologic (lUT), 
graduates from these institutes being awarded a dipldmc wmcrsitaire dc 
technologic (DUT). 

According to R Alquier,' professional maturity acquired through purpose- 
ful acliMly can bring the knowledge of technicicn.s .supcncurs and specialists 
holding the dipldmc lumcrMtdrc dc technologic to the level of applied know- 
ledge, which places them on the same footing as ingcnicurs technwwns in some 
countries. 

In the Federal Republic of German>, skilled workers receive advanced 
training to become technicians, primarily m off-work hours (part-time study). 
\ network of technical schools (racksihiilc) has been set up for this purpose, 
with a three-\ear course for part-time students and a one-year course for full- 
time students To be eligible for a part-time course, an applicant must hold a 
certificate attesting to an eight-grade secondary education and have a service 
record of at least two years as a skilled worker or three years to be ehgible for 
a full-time course A person can become a skilled worker by going through an 
apprenticeship of three to three and a half years. The curricula^of technical 
schools are not intended to olfer students a more or less comprehensive general 
education More than 75 per cent of the course tiiTie is allotted lo mastering 
special technical subjects, i.e. to acquiring professional knowledge, which is 
facilitated by the long industrial experience young people possess when 
commencing their studies at such schools. 



I R Alquicr, 'La roriiiation dcs Ingcnicurb et des Techniciens Superieurs en France', 
7/ie Tramm^ of Professional f ji^wieer^ op. cit., p. 23. 
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In addilion lo iCLliniL*iI .schools {raJi\ihulc), ihciv arc engineering schools 
{Ini^itucut sJiuU ) Ml the f edeial Republic of German) which adniii >oung 
people vvilh an niLomplele sCLondarv edutalion and an apprenticeship of iwo 
vears. The schools provide a three->eai Lourse, the inslriiLlion lime being 
divided between Ihe various sets of disciphnes roughl> as follows. 30 per cent 
for iieneral SLiente subjcxls (malhemaliLS. phvsKs, eic), 50 per cenl for special 
iCLhniLal. and 20 per Lcnl for social and economic (polilical econoni>, industrial 
iHgani/alion and niiinageuieiu, cIl.). Fliese figures prove be)ond doubt that 
the engineering schools in ihe Fedeia! Republic of Gernian> do not provide 
for coniplelion of secondary education. 

The latio of graduate engineers to professional engineers, as trained by the 
engineering schools, is 1.2, and it is planned to bring this ratio to 1:4 

A trend beLiinie manifest in the Federal Republic of Germany as far back 
as 1%^) to re-organi/e the cngineeiing schools to ensure a higher academic 
level of their curricula and syllabuses. 

In his book (///(///(// atui Tahniial L\Iuiaiioti,^ H. Warren compares the 
^onieiu of schooling at educational establishments trainnig technicians in the 
Lnited Kingdom, the United States and the Federal Republic of German) and 
aruves at the condasion that the level of education in accredited junio. col'egcs 
m the United Slates is bracketed between those determined by the ordinar, and 
the higher national certilicates awarded by technical colleges in the \ 'ed 
Kingdom In the view of British experts, comparison of these levels of educau..n 
IS made dillicult b\ the fact that the curricula of junior colleges in the United 
Stales contain a wider range of disciplines than those of technical colleges in 
the United Kingdom. At the same time it should be noted that courses arc 
studied more thorough Iv in British than in American colleges. 

Waiien uclic\cs that the technical schools (Fachschule) in the Federal 
Republic of German V are lower in level than technical colleges in the United 
Sl*ites and the United Kingdom, and concludes that the Failmhuk' actually 
graduate leehnicians. 

Vet the level of education attained bv graduates from the engineering schools 
in the Federal Republic of German) is, in Warren's view, someuhat higher / 
lliiin lhat altained b\ British technicians holding the higher national certiiicatc. 

As has been pointed out earlier, if one attempts to analyse the curricula of 
sccondar) specialized educational establishments a great deal of dilTerence will 
be found m the education of technicians both as regards the volume of study 
matter and its content. 

For example, the total number of hours allotted at the secondary speeialized 
educational institutions m the United Kingdom to theoretical studies leading 
lo a higher national certiricate amounts roughl) to 2.000, vvlih i,500 hours 
being set aside for this purpose at the technical schools in the Federal Republic 
of German), 4,500 at the engineering schools in the same country, 4,400 at 

1, W, Warren. \ iHutional unii hdinunl Ulunttion, a Carnpanttnc StitJi of Present Pnntue 
unJfutntc TfvnJs in Tkh dfuntrn's, p. 129. Paris, Uncsco» 1967. (Monographs on Lduca- 
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iIk* iclIhi .il /uas in franco, 1,000 at the regional professional schools in 
the Uniled States and from 2,200 to 3,800 hours at the spcLialrzed secondary 
educational esiablishnients in the U.S.S.R. 

The laigest amount of time devoted to laboratory wo.k and on-the-job 
praaicc is in the technical schools of the Federal Republic of German) and 
those cdiiLational institutions in the United Kingdom which award their 
graduates ihe higher national certificate. A larger proportion of instruction 
time at lhc>c cstabiiahmLnis is devoted to opcr<itions normail) performed by 
skilled workers, cind pracliial habits required to perform working operations. 

In a number of countries emphasis was presiousl) hud on development of 
the network of secondar> specialized educational establishments which enrolled 
teenagers holding Leriilieaies attesting to a secondary education at the level 
of seven to eight grades, bat in recent vears the trend has been towards second- 
ar\ spcciah/ed cdiiLationai establishments operating on the basis of Loniplete 
seeondarv school as well as institutions which not onl) olFer their students 
special knowledge but also give them a possibility of completing general 
cdueation, provided thev have graduated from an eight-grade secondary school. 

It follows from the above that secondary specialized education is obtained 
in two ways: 

1 Through vocational secondarv education on the basib of sc\en to eight 
grades of secondarv school, olTering a relativel) limited volume of special 
iheoretieal knowledge but providing for serious practical skills and a good 
knov\Iedge of indusir>. An education of this kind is oHTered at the vocational 
training schools in the U.S.S R., technical lycci\s in France, technical schools 
in the Federal Republic of Germany, technical colleges in the United 
Kingdom at the level determined by the ordinary national certificate, and 
some others For ail intents and purposes these educational establishments 
can he said to train skilled workers, 

2 Through secondarv specialized education of an advanced level (training 
of technicians) on the basis, as a rule, of complete secondary school, with 
provision for the >iudv of theoretical diseiphnes and the acquisition of 
practical knowledge, to an extent sufficient to enable those concerned to 
earry out projects under the supervision of the c:ig:neers responsible for 
devising the projects, or to fulfil icchnico-economical and managerial func- 
tions in indusirv, construction and other branches of the national economy, 
likewise under the supervision of engineers, in some countries education of 
this kind is also provided on the basis of eight grades of secondary school, 
but in this case the duration of instruction is longer to allow students to 
cumpieie general education and master the same amount of theoretical and 
special disciplines. 

Those receiving secondary specialized education of an advanced level are 
ehgible for universities and equivalent higher educational establishments. 

engineers with a higher education (graduate engineers) are trained on the 
basis of a complete secondary education in all countries. 

\n analvsis of the duration of studies at univcrsity-type technical educational 
establishments in various countries, will reveal that the length of the course 
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is rouglil) fise lo biv llic onI\ dilTcrencc l>ing in ihc arraiigcnicJU of ihe 

course .some inbiiiiUions of higher Icaining pratiibc a coniinuous (uninlcr- 
ruplcd) inslruclion for (he lo six \cars (U.S.S.R.), others lake ii up in is\o or 
three slaiies(Uniied Stales. United Kingdom, Prance), with on-the-job training 
being undertaken directl) in Loniniercial firms upon graduation from an 
inslilulion of higher learning. 

The United Kingdom and United States s\,stenis of education envisage two 
or three professional degrees, including those of Bachelor and Master, which 
are assarded on completion of a course of three to four and four to five >ears 
respectively. In addition to these, the Massachusetts Institute of Technolog) 
(United States) has introduced a degree of Engineer which can be obtained h> 
holders of tlie degree of Bachelor following an additional course of stud> for 
appro\imalcly two years. 

There is a trend in most countries to raise the academic standard of specialists 
trained for employment in indusU). \V. Leighton Collins' claims that engineers 
holding the professional degree of Master or the academic degree of Doctor arc 
graduated b> higher schools in the Un.ted States in cver-growmg numbers. 
The ratio of Bachelor to Master to Doctor in engineering in 1970 was about 
11.4:4.4 : 1.0: for 1978 the prediction is about 7,2 : 4.3 : 1.0. 

Collins goes on to say in his article that: 

... to piOMde cNcn the reallv able student with the tools required to work eflectivcl) 
on today's most challenging problems a coordinated fifth >car of study leading to a 
Master dcgteo bccoip.cs a \ .rtual necessity, partit^ularly for the student ambitious to 
assume *i role significant in his profession. The fifth year of study would stress profes- 
sional specialization, svould be part of the basic education expected for entry into the 
profes.sion. and ssould lead to a prestigious prok onal degree, perhaps to be called 
Master of Engirecrmg. . . . Support personnel, the rapidly increasing nunib.M of 
graduates from four-year 'bachelor degree' engincermg technology cuincula and 
technicians. ha\c relieved the engineer of many routine tasks and enable hini to wo k 
at a higher technical level th.an in past years. A large industry questioned its managers 
of engineering, niaiiufactunng. and technical marketing, and the study revealed 'that 
today '^ graduates possess more technical knosv ledge than their predecessors and that 
they expect lo utili/e it more elVectively and more quiekly than their counterparts of 
15 years ago'. The study also indicated a need for engineers to understand tht total 
business, to be auare of the contributions and interface with other functions, the need 
for inierdL-^ciplmary appro.ichcs, and the need for a systems approacli. 

Reasoning of this sort is woithy of consideration. Indeed, there is hardly an 
industry today in which an engineer would not be required to tackle a whole 
range of technological, tlieoreiical, de^iigning and other complex problems while 
ensuring the normal manufacturing process. If that were not the case, he would 
not be able to contribute to scientific and technological progress in the Kiduslrial 
enterprise he works for. 

1, W. Leighton Collins, Professionalism in the TUucation of rnguiecrs in ihe Unitcii States 
of Ariurica", Thv Training of Pfo/cssiona/ Iingim'vrs op. cit. 
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Thai IS win ihe bo-oillcd 'shop cnizinccr' or 'professional cnt^iinccr' nuisl he 
a pure sLienlisl, a desiur.Jr. an .wononiisi and a socjoioizisi ai llie same iinie, 
jusl ab a designer would no[ he .ble lo ereale a niaclune wiihoui knowing the 
lechnoloijy and economy of ils production. 

Il would be appropn.ae in lliis conne\ion lo recall ihe dclimiion of ilie 
professional engineer given al llie Conference of Engineering Societies of 
Western Europe and the United States in 1953. A professional engineer, it 
was claimed, is competent h\ virtue of his fundamental education and training 
to apply a scientific method and outlook to the analysis and solution of 
engineering problems. He is able to assume personal responsibility for the 
development and application nf engineering science and knowledge, notably 
in research, designing, construction, manufacturing, superintending, manage- 
ment and in the training of other engineers. His work is predominantly 
intellectual and not of a routine character, mentally or physically. It re^iuires 
the e\ercise of original thoug|iUuid judgement and the abihty'to supervise 
tlie technical and admimstrali>/e,\Vork of others. His education will have been 
such as to make him capable of closel> and continuously following progress 
in his branch of engineering s^.ci.ce b> consulting newly published wo A on a 
world wide basis, assimilating such information and applying it independently.' 

This deftnition describes vividl> the high level of education of an engineer 
attained through a thorough stud> of fundamental disciplines and stimuKiuon 
of his faculty for research The next stage of advancemeiU of an eng neer is 
his research career, i.e. proceeding to academic degrees. 

•\ peculiar feature of the scientific and technological revolution ib that it 
tniplics higher requirements which engineers should be able to meet, and raises 
the level of iheir education to that of graduate engineers, as \vas pointed out 
by the Working Group of the United Nations Economic Commission for 
Hurope.' 

Fiigineers must be specialists of exceptional quality at present, otherwise 
thev might as well be assigned to the category of technicians. Therefore, only 
those higher-school graduates should be classed as engineers who by thciV 
level of education are entitled to proceed to initial academic degrees - a 
Candidate of Science, a Ph.fJ).. etc. 

While raising the scie itific level of education of engineers one must not 
overlook the practical tiainmg .vhich nuist be carried out m organic unity 
with theoreiical schoolii g Practical training, which can take the form of a 
one-year probationarv p:riod at the industrial enterprise where a prospective 
engineer's professional activity is to take place, should be Lompleted by the 
time he graduates from the higher educational establishment. 

One IS bound to agree with W. Leighton Collins^ when he says that ihe 



I Alter I, h Cicrsilc. S H. Hulion. I ninmrfs. Tfw Amitomv of a Profession. A Study of 
\hilianual [ji^mecr in IkiUun. p 4 5. London. 1*^66. 

2. After The Polttual Quoturl\\ No. 1. 1967. p. 49. 

3. Leighton Collins, op. ca. 
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cdiuai»i)ii of *in engineer ls a tonibinalion of ihc best cllori^ of cduc*iironaI 
tHNtttiiuons and tnditsiry. 

riic fiinda menial aim ^.^f praclKal iratninu for woald-bc engineers in adcqua- 
lcl\ *lc>cnbcd b\ R. A. Grossfcid ' who siiaacsls ilial pracltcal iratnmg of 
iinJcrgradualL^ in induslrv should be designed lo (a) favour human conuuis 
oiilsidc the campus, (b) help ihe underi:raduale lo apprehend ihe general 
aspeels of inJuslnal hfe and ihe posilion of ihe engineer in ihe rnduslrral 
enNiruiimenu (c) Jcmcnstraie Ihe lechnieal and psjchologkal obsUiLles hkel> 
lo be cncounleii;d in ihe course of ihe developmenl of prac ileal plans, and 
(d) gise precise iJeas aboul ihc imporlance of phases of developmenl and 
prodiiciion. 

To uhal e\lenl an engineer is quahlieJ for his posl becomes esidcni when 
he acluall) pursues his career. However, successful professtonal life depends 
prinianl\ on ihe leNel of education obiained al a higher educaiional eslablisli- 
menl, as esidenceJ b\ Ihe JiplonuL Hence, whencNcr llie proble ii of eoni- 
parabihl) of diplomas comes up for discussion, il should be apptoa*.hcd from 
the poinl of \ie\\ of comparabililv of ihe lesels of educalion al nisUlu jons of 
higher learning. To pul il in a nulshcH, when ailempling lo solve llie problem 
<if coniparabililN of diplomas we shall do well lo consider Ihc iheorelicai and 
practical knowledge obtained b, an engineer <u an insiilunon of higher learning 
ralher lhan hts achie\eMienls <.ue lo c\lri iramiiig diredlv m industry and to 
industrial experience, wliicii ma> !ia\e nuuie tl possible for him lo obtain an 
engineer's licence from a professional society. 

All this nalurall) makes it necessar) to determine the content of schooling 
and the length of inslrU',lion for a modern engineer of the t)pe known as a 
gtaduale engineer in some countries. 

In MCw of what has been said above, a graduate engineer, in our view, 
should, (a) have a fundamental schooling in a wide range of sciences and 
general engineering disciplines, have cogni/ancc of modern scientilic and 
technological achievements and be able to appiv this knowledge under varying 
conditions lo .solve speciilc problems both in the field of let hnological processes 
and in designing new niachinerv and equipment, (b) have a knack for methods 
of research and e\periiiientation both in laboratory and industrial conditions, 
(c) be an expert in his own professional area, id) advance his educational 
standard ince.>santlv and be familiar with methods of self-instruction, in order 
to keep his knowledge up to date in terms of the latest achrevcments of science 
and technology. 

To what extent higher schools in vaiious countries achicNc the goal of training 
engineers nieet:ng the above requirements will be shown in the following pages. 

No less complicated is the problem of establishing a boundary between the 
periods in which a higher education is received and researchers are trained. 

In a number of countries, graduates from institutions of higher learning 

1. R. \. GrosNtcld. L ()ri;anis*aion J une I ornialion Praliquc ddus I'lndustr'c au Benefice 
do Ingenieurs l ormation L'mvorsiiaire*. 7 In- Trutninf: of Pr tfvssumal Knf:inccr\ . . ., 



op. cil. 
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who toniplclc tlic IipnI sUiiic of sLhooIiiii: and obtain a BjlIicIoi's decree arc 
considered specialists ha\ini: a coniplcle hiiiher ediicalion^ and their furlhcr 
ediiuUion uilh a view lo proceeding lo. lei us sa\» a Master's decree (Untied 
Slates), IN said lo be as^ocialed \Mih a craduale course or with a possible 
research career 

The American Report on lli\ilur Iducatioti^ slales thai: 

A fund*inicntal diHerehce between undergraduate auO 'jradualc education is lliat 
weevpccl the fonner to be a generalized lc\irning experience. . . . Graduate educalion 
IS. piesuniabK, training for a career. 

1 1 would seem thai underizradualc education is albo aimed al a career. 

There are no changes tn principle in the character of tuition al the second 
stage of a Master's degree cotir^e. as compared with the first stage. 

What students of both the first and second stage are suppoi.^J to do is 
learn general!) known achievements of science, technolog} and culture, and 
actjuire a knack for correct methods of conducting researcii both theoretical 
and evpenmenial therein obtaining new results which nia\ . howeser. have 
no decisise impact on the development of specific brandies of science and 
techno log}. 

It should also be borne in mind that the requirements which those proceeding 
to a Master's degree should meet dilVer a great deal In the United States of 
\merica. for example, a Master'^ degree is awarded at some institutions of 
htiiher learning after completion of a one-\ear course without an\ finali/mg 
exanimaliuns and on presentation of a diploma paper* and at others after special 
examinations and presentation of a dissertation. 

\l the Massachusetts Institute of Technolog> (MIT), a Bachelor s degree 
holder, as pointed out above, has the option of choosing between the two 
possible lines of further stud\ either proceeding to a Master's degree bv taking 
a further one-\ear course, or proceeding U) the degree of Engineer b\ t*iking 
a lwo-\ear course Hence, if the length of the course is what matters most, the 
degree of I ngineer awarded b\ Mil i. considered to be superioi to that of 
Master. 

Bernard Berelson, a prominent expert in the field of education in the United 
Slales. writes in one of his works" that an academic degree caMs for a knack 
for research and an independenilv written paper, whereas the bulk of papers 
prepared with a view to obtaining a Master's degree toda\ cannot be classified 
as rese*ircli papers. The\ are ordinar\ course papers appropriate for lifth-\ear 
students. 

In Its report entitled Cmah nl Ltii^mnnti}; I.Jumtioti. made public in J*inuarv 
iliL Committee for Studs ing fngineering Tducation Goals, set up bv 
the \merican Societv for Dissemination of Technical Knowledge, arrives af 
the conclusion that, as the professional field is perfected and developed, an 

1. Rtpi^rf iifi lU^htr LJuuihtfi. p. 36. LnUcd Stales OcpartinciU of Health. lAlii».aiion and 
Welfare. I<^7I. 

2 U Hcrelson. Ctriuhuttc i.t/umtuni tu the intti'J Stitti'\, p. 186, New York. N.^'., I960. 
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academic tic^rcc wliich used lo be regarded ii^ 'higher' comes lo be lecogni/ed 
as 'l>a>ic". The report goes on lo sa> thai the commillee recommends lhal I he 
degree of Master be generalK accepted as a Kisic degree for ihe professional 
lield of engineering. 

With reference lo ihe United Kingdom, a sliidv en tilled Lvs iJiulcs Supc- 
//i^/n s, PnsK'ntLition Conifniriitni dcs IVi^ifnt^ J' LnHii^funicfit ci Jcs Diploincs, 
prepared til llie requesi of Unesco. stivs llial llie second sLige of inslriicUon 
lasling one \ctir is aimed al enlarging knowledge and experience and leads lo 
a Masler's degree. 

The ihird slage. inlended for a more profound sludv in Ihe speciah/ed field 
tind for independenl rese»iich work, should be completed within a niimnuim 
of two \ears iiad leiniinates with the prescnt*ition of a dissertation for the 
degree of Ph.D, 

In ihc section entitled "IVance" the same studv states that the sceond stage 
corresponds lo liial c>c!e of in>lruction for which a higher training certific*ite 
iCcrtifimt iriJiulcs Siipcru'iuc^ CLS) is awarded Two >ears of studv at tho 
philuiogicti! tind natural science dep»irtnients {/(UiiIlCs </V littn \ ct Jc Siictucs ) 
eniilie a student to the degree of Master {Maitmc), 

The third st*ige is that of majoring, Rese*irch work is conducted al ihis 
.stage, which cuhiinuites in *i higher education diploma and a docloml degree 
of Ihe third cvcle {Dottouit Ji SpCiUifitc Jii 1 roisiaiu Cufc) in the specialized 
field chosen. 

The doctoral degree of the third c)ele of instruction is comparable to the 
higher education diploma (DES), In the case of the natural sciences depart- 
ments, this degree is awarded after a course of at least one \ear, providing 
the candidate holds an advanced tiainai" diploma (natural sciences) (DTA). 

It is further stated that this stage of ins uction ma> be followed b\ rese*irch 
and. upon presentation of *i dissert*ition. the degree of hii^ancut'DiKtair, 
Grade i'tiivcr\it(iirc. Doctoral, or Doctoral 'TlJat is granted. 

!t emerges from the studv that the degree of Lik cmc testifies to the completion 
of higher educ*Uion tU an intermediate stage of *in extremelv narrow specialized 
field, and the degree of \faitfi\c. to the completion of such «in eductUion <\i the 
level of the second cvcle without writing a diplonui ptiper tind without t*iking 
on-the-job training at an industrial enterprise or an oflice in the lield of con- 
ccnlralion The holders of tlie degrees of IjicfUi- and \taitris<' c*in h*irdlv be 
classified as researchci > since thev do not *ictu*illv receive practictil knowledge. 

in the U S.S.R . the first academic degree is that of Candidate of Science in 
a chosen lield ot learning. Those who proceed to the degree of C*indidate of 
Science *ire expected to possess a diploma attesting to higher educ*ition and 
to complete a tlirec-ve*ir posi-graduate course, prepare a thesis, which should 
include theoretical and experimental research, and defend the thesis in pul^lic. 
Before the thesis comes up for defence, its substance should be cohered in 
*irlicles in scientific magazines or published in the form of *i monogr*iph, *uid 
tile caiuluate is also under iin oblig*ition to submit *in abstract and circuhite 
It ti) till resCtirch tind eductilioiuil institutions tis well tis to indiviuaal scientists 
engaged in the field of learning conceriiod. 
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The liiglicsl academic degree is Doctor of Scienc»\ *'iid (he procedtire fur 
obiaininsj ihis wili be described below. 

Il slandb 10 reason from (his analvsis (lia( (he degrees of Bachelor. Lucmc, 
\1 as(er and Dtu torut Jc S/h\ ialiic du Troisianc C\ t Ic are professional deiirces, 
while (he lirs( academic degrees include (hose of Candida(c of Science. Ph.D.. 
hiiicnuur-Dm fair and (he like. This docs no( mean, ho\ve\er. (ha( (he academic 
degrees enumera(cd here are all comparable. 

The award of professional degrees docs no( presuppose (he solu(ion of new 
proNem^>. a con(nbu(ion (o (he de\elopmen( of cer(ain branches of science or 
(he undcr(aking of large-scale (hcorcnical and e\pcriiiien(al research. Thev 
should ihereforc onl> be regarded as de(ermining (he level of cducadon and 
(he qiialificadons of a specialis(. 

Candida(e> for academic degrees who are prospec(iNe researchers (scien(i!ic 
workers) (ackic onl\ problems ensuring (he fur(hcr deNelopmen( of science, 
(echnoloiz) and cuUure. The\ u(ih/e knowleilgc from new branches of science 
(o (he ex(en( required (o solve (he scien(ific problems (hev arc assigned. 

Mencc. (he s(udv of individual branches of science, (echnolog> and cuUurc 
wi(h a view (o mas(ering scien(ilic nie(ho(Js of research is (he objcc(iNe in (he 
former case; (he soliuion of new problems con(ribu(ing (o scien(iric and 
(echnoloiiical progress and an addi(ional s(ud\ of such achic\cnien(s of (he 
scicndfic world as are indispensable for (he soludon of (he problem under 
s(ud\ arc (he objec(i\e in (he la((er. To tisc a stiil briefer formula(ioiK a s(uden( 
sludics (he known and mas(ers (he research me(hods. a candida(e for an 
academic degree discovers fundamen(all\ new elcmenis in science and 
(echnolouv. 

In view of (he above i( would seem reasonable for coniparabililv of diplomas 
(o beoslablished a( (he following levels of cduca(ion and candidacv for academic 
degrees: 

I i'lcl L General sccondarv edui \tion. which ensures cligibiluv for a universi(> 
or similar ins(i(u(ion of higher learning. 

I i Ik 1 2 Sccondarv specialized (voca(ional) cdiicadon on (he basis of incomple(e 
sccondarv educadon, which provides for some (heoredcal as well as pracdcal 
knowledge in a specialized field and for (he prac(ical abilides required b> a 
skilled worker. Those receiving an educadon of (his kind can be eniplo>ed 
tn (heir occupa(ioiial area in various branches of (he na(ional economv as 
skilled workers. 

/ cuL^ Sccondarv specialized ediica(ion of an advanced (>pe. on (he basis, as a 
rule, of womple(e general secondary educadon. providing for a fairly com- 
prehensive general science and practical (raining. Tho,se receiving an cduca(ion 
of (liL^ kind can be eniploved in various branches of (he nadonal economy, 
design ollices, research ins(i(u(ions and in (he civil service, in (he capaci(> 
of lechmcians, assis(an( engineers and even engineers en(rus(ed wi(h (he 
supervision and con(rol of technological processes, as well as (he opcradon 
and main(enance of machinery. cquipmen( and cons(ruc(ions. 

iiiil 4, Higher educadon providing gradua(es with a high qualihcadon as 
specialists and enddmg (hem (o fulfil independen( work in thc»r prv^fessional 
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lioldb 111 indusir\. M rcNcMalu dcMtin or oilier InNHinnoiib in ilic C\\i\ Sor\iCL\ 
or a,-* liilofN ill cJitLalional c>(ahliNhmciUb» ab well aN iiiakiiiti ilicni eligible 
10 i:o on 10 posl-tiriiduale suid\ or proceed lo ilie lir^i iiCiideniic degree of 
Ph.D.. Candidaie of Seience, Doitorat (I'ljat. and ihe like. 

Li tiiy The fifNi aL*ideniic decree of Ph.D.» Candidate of ScienLe. and llic like, 

Lttil 6. The yjcond academic degree, bueh ab a Doeior of Scienee in the 
US.S.R. and ihe other Soeialibt countries, and the like. 

There is no hard and fabt line between the \arioiib le\elb of education and 

^♦indid»iL\ for iiLiideniiL degrecN. The le\eib traced iibove Lan onl\ be regarded 

as statLStical a\erageN ha\ing a good deal of accuracy. 

When irving to CNtabhsh the Loniparabilit) of diplomas it ib indibpensabie 

to ha\c .some sdea of what bpecifK le\elb dilTcrent kinds of diplomas are 

related to. 
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Nou lhal ihc scieniilic .ind icchnolo^iuil re\oluuon is ai iis heighi and ihe 
\olunic of bcicntilic inforniaiion \:> growiny: inccssanil> , siudv niauer is subjcci 
(o consiani change, new disciphncs arc being iniruduccd in ihc curricula, and 
fundanicnial changes aic laking place in ihe conieni and methods of insirucuon 
at all insuutuons of higher learning. 

Mence, e\en if ihc currtcula and s>llabuses of iwo higher educauonal esiab- 
lishnienis are found lo be identical ai a given linie (his ideniii> imxy cease lo 
e\isi ai a laier daic. Yei one cannoi fail lo observe a common ircnd in ihc 
de\elopnieni of higher schools ihe revision of curricula and svllabuses lo la> 
emphasis on ihe general iheoreiical background of engineer iraming. In accor- 
dancewiih ihisainu majormg is,as a ruic^hified lo ihe senior >ears of schooling 
or someiinies bevond ihe acuial universiiv (college) course, in which case ii 
lakes place direcilv wiihin indusirial lirms. In oiher v^ords, ihc prevaihng irend 
consisis of making schooling in ihe fnndamenial disciplmes ihc decisive 
componeni of ihe engineer iraining programme. 

The deparimeni of educaiion of ihe Briiish Meiropoliian Vickcrs Elccirical 
Co. recommended ihai highlv specialized :>ubjecis should noi be included in 
ihc programme for ihe tirsi professional degree, which should be prinianl> 
de\oied lo the sludv irf ihe fundamenial principles underlying ihe professional 
courses. 

It w.iN desirable in iliis respect lhal a larger coniiiigcni of excelling undergraiiuales ^ 
should lake ihe progranmie of the fourth year of sludy.' 

ll was olniously presumed ihai ihe fourih year .should be reserved for courses 
belonging lo ihe fields of conceniraiion 

In hnc wiih reconimendaiions of ihis son, ihe iradruonal ihree-ycar course 
for ihe degree of Bachelor is lo be exiended by a year ai .some universrucs 
and lechnological insiiiuies in ihe Uniicd Kingdom, in oiher words, a four-year 
course of iheorencal siudy is being insniuied ai some colleges. 

Lxperience proves ihai ii is nexi lo impossible lo foresee problems ihal 
engineers will have lo lackle in ihe fuiure. Who could have predicted iweniy 
or iweniy-five years ago ihat ihe suidenis of the imie would develop supersonic 
airciafl or auiomaiic devices lo be delivered lo planeis of our universe for ilie 

I. ///(• Comph'tc SdcnttU, p. 66, I oikUiii, 1966. 
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iransniisMon of \.iliuib!c inforiiuuoii? I hose who \cniurcd lo discuss projCLl.s 
of (lii^ kind were :»*ud lo be SLictiLC-fiLUon wniLrs bciu on foreseeing a far 
di>(anl fuiure instead of preduiiiiiz events to be witnessed b\ the Ii\ ing genera- 
tion Therefore an\ attempt to \isuah/e the problems that prospettise speLial- 
islj> uni\ersit\ students of the 1972 75 enrohiients ma\ hase to eonie to 
grips with and, m the hght of tho^e problems* to specif) the Lontent of under- 
graduate training would be hopeless. 

Studv matter should be selected, at the present time, to Later for the possibilil> 
of e\tensi\e development of students' creative thinking, resourcefulness and 
facult) forappKing theoretical and professional knowledge to linding original 
>uluiu>iis in the most unpredictable situations. The students' niemor\ need not 
be overloaded with stud\ matter which does not serve the purpose of developing 
their creative thinking and resourcefulness and which is onl> needed to obtain 
specific' solutions. Siudv matter of this latter character, which in most cases 
amounts to reference material, can be obtained l:\ students from the irifor- 
niation ^\^tem which is constantiv kept up to dale One of the basic aims of 
an institution of higher learning is therefore to shape the programme of 
instruction so as to ensure that the student masters methods of singling out 
ihe required sub-svstem from the m Unite s>stem of knowledge, thus enabling 
him to M>ive essential problems posed b> soeiet> in his future professional 
life Students must be taught to use the information s>sienis to store solutions 
wliich ihe\ iiiav have found and which can still be of use at a later date. In 
Uiis conncMon, the studv of information s>stems and the development of 
technujues to eniplov them are an indispensable component of the programme 
intended to tram the specialists of the future. 

I mpKnment of a w»de range of technical aids and modern methods of 
leaching tointen5if> instruction and the individualization of tuition are a major 
concern in all technical schools and their departments. Problems involved in 
ihis field are considered to be the most important m pedagi)gics. The changing 
porpoNCs and content of Iaborator> work constitute substantially new features 
in the training of engineers. Laboratory work tends to turn into evperimenial 
research. 

In one of the issues of its Bulk tin. the Massachusetts Institute of Technology 
expresses the same view when it sa>s that laboratorv subjects are intended lo 
leach a tedinique of e\perimentation rather than illustrate the subject matter 
v)f lectures Illustrations are oiVered when demonstrating theoretical study 
mailer during lectures.' 

The task of the higher scliool is to find the most elVective methods for 
developing the students' facultv for systematic independent renewal of their 
knowledge since it depreciates at an ever- faster pace. Hence the modern system 
of educatiun must be capable of developing students' creative faculties, the 
habit ul raising their le\el of education systematically and incessantly upon 
graduation from higher school for the entire duration of their professional 
life. It must be capable of instilling in them a taste for self-education. 

I. Aticr: 'hrhnical Lducatum m the USA. London, l%2. 
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Practical iraniing in ilic course of llicorclical schooling and during probation 
after graduation from an institution of higher learning is an important part 
of the education of a creati\el\ minded engineer Practical training mtroduccs 
a prospecti\e engineer to the workshop atmosphere, helps him to understand 
the main aspects of industrial life and the position of an engineer in this 
en\ironnient, and makes it easier for him to apprehend technical and psycho- 
logical obstacles to be surmounted when carr>ing out cngmeermg projects 
under industrial conditions. It is through practical training that undergraduates 
learn methods whereb> workshop teams translate engineering projects and 
designs into rcalii\, and how to find more rational technological solution.*. 
Again, it is practical training that is instrumental in fostering engineering 
intuition which enables an engineer to determine readily whether a specific 
engineering solution is lechnicall) and economicall> worth while, and, if need 
be. 10 make the appropriate corrections. 

Practical training cannot ser\e its purpose unless it is extended bcvond 
higher-school laboratories and workshops. True, an undergraduate must be 
^i\en a chance to acquaint himself with the component parts of the technological 
process ind to ;;cquire practical skills while at a higher educational cstabhsh- 
ment. but such acti\it\ is no substitute for undergraduate industrial training 
or probation upon completion of the theoretical course at larger industrial 
units Factor> training and probation must be suHicicntl) long, well-organized 
and co-ordinated with theoretical schooling. " ' 

Despite the fact that the significance of practical training for the education 
of engineers is wideK recognized, it is still neglected in some countries, and 
ditVerent points of \icw are \oiced in this respect, for example, in Switzerland.' 

Practical training is optional for undergraduates in some cases and is in 
fact postponed until tlie\ commence their professional acti\it> m industry. 

Great importance is attached to the practical training of engineers in the 
F-\\ieral Republic of Germany, where it is divided into two parts, a basic 
practical training course (Gnmdprakttkitm) and a specialist practical course 
{l-achpraktikum)} 

The basic practical training course of three months is to be followed m the 
college workshops and apprentices' workshops ih industrial lirnib before the 
theoretical course begins This part of practical training is intended to gi\c 
the students an idea of materials and how to treat them, as well as of the 
technology of production in the field of learning chosen. 

The specialist practical course is undertaken as a rule in industrial firms 
after a basic stud> course of one to two >ears. This three-month course may 
take place during vacations. 

The specialist practical course is aimed at obtaining, (a) professional know- 
ledge of the production process, (b) knowledge of technical interielations as 
well as economic, organizational and social interrelations in production and 

I. i)cc R. A, Grossfckl, op, cii. 

2 Sec V Borncr. 'Praktischc \usbildung -vvcseiUhchcr Bcstandtcil dcr Ingcnicurausbildung 
in der Huiidesrcpubhck Dcuiscliland', The Trammg of Professwna! Digoicvrs . . ., op. cil. 
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managemcnu (c) nouon> of the parUciiLir fcaiurcs of a specilic manufac- 
turing uniK and (d) iuinum experience as a prerecjuisiie for professional 

The specialist practical course completed, students arc required to work at 
an mdustrial enterprise for six months. 

The sandwich s>stcm ui the United Kingdom and the co-operative pro- 
gramme in the United States are both intended to ensure organic unit) between 
theoretical schooling and practical training. 

The above considerations lead one to conclude that practical training 
does constitute an essential component of the education of the modern 
engmeer. 

in the U S.S.R., industrial training is required ni all brandies of engineering 
stud) and generally takes place at the end of each >ear of stud> , amounting 
to an aggregate of at least six months. 

The com pi cu on v^f ihe course in ii higher education establis>ment and the 
defence of a diploma project (diploma paper) are followed b> a one->ear 
probation period in an industruil enterprise to which the voung engineer is 
sent to work as a slatT member. The content of probationar) activitv is determin- 
ed by a programme worked out b> the industrial enterprise concerned on the 
basis of the standard programme elaborated b> the industrial ministry in 
question and approved bv the Ministr> of Higher and Specialized Secondary 
Education of the U.S.S R Probation is the final stage in the education of 
engineers before post-graduate education (advanced training) 

Anctlicient academic stalV, composed of people activel) engaged in research 
who maintain personal contact v\ith undergraduates, is another essential 
condition for the successful training of highly qualified specialists. 

The length of the course may vary, as pointed out above. 

Engineer training at higher educational establishments in the United States 
comprises several stages: 

Stui^c Ofit\ Theoretical schooling (without factory training) fcr four years, 

duruig which lime a paper meeting the requirements laid dovrii for a Tech.B. 

IS prepared and submitted. Should factor) training accompany theoretical 

schooling (co-operative programme) the over-all length of the course is 

extended by one year. 
StU}^c Theoretical schooling (also without factory training) for one year, 

during which time a paper meeting the requirements laid down for a Tech M. 

IS prepared and submitted. 
At the Massachusetts Institute of Technology, Stage Two may last for two 
years if a student wishes to proceed to an Engineer's degree. 

In all cases graduates from higher school undergo additional training in 
the form of probation in industry. 

To sum up. the over-all length of the course to train an engineer of any 
denomination (less probation in industry) lasts from four to six years. 

Engineer training in the United Kingdom also compiises two stages' 
Stui^i One, Theoretical schooling at universities and colleges for three >ears 

or at colleges of advanced technology for four years, terminated by if^rc- 
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paralion and subniission of a papci iiicclini: ihc tLH|uircnieiUs laid down 
for a Tech B. 

Sfuf^i' Two, Addilional schooliniz for one \eai lo enable siudcnlb lo claim 
a TechwVl, 

In both stages, factor) tiainniL: in industr\ lasting one to two >ears is provided 
for. 

In the case of some specialized lields of Icarniniz which invoKe subject 
matter of extreme compic\it\ and which are Llosel> related to actual industrial 
production V a specific t\pe of instruction is praLtised, this is the Sandwich' 
course, consisting of alternate periods of college education and factor) training. 
This form of instruction, which has assumed imprcssisc proportions, takes 
two foniib. 

The first is what is called the 'thick sandwich'. Under this arrangement 
students arc required to work m industr) for one )car. Then come three years 
of full-time study This period o\cr, the students are again sent to industry 
for probation, which is combined with theoretical schooling. In other words, 
the s\stem functions on the formula 13 1, the oser-all length of the course 
being fiNc years. 

The second form is the 'thin sandwich', which stipulates six-month alternate 
periods of industrial training and theoretical schooling for four to live years. 
In this way the oNcr-all length of theoretical schooling comes to twenty-four 
to thirty months. 

If one takes into consideration that ordinar) educational establishments 
reserse thirty to thiri)-two weeks for the theoretical course in each study year. 
It appears that both the 'thick' and the Uhm' sandwich patterns provide for 
an o\er-all theoretical course roughl) equnalent to between three and four 
years of study 

Those who wish to proceed to an M.Sc. can avail theniscKes of the Bosworth 
course' which provides for nine months of instruction and a brief period of 
factory training in preparation foi this degree in a speeiali/ed technology 
(mechanical engineering and electric power engineering). 

Thus, those seeking a Master's degree must study for five' to six years, 
including practical training before or during the theoretical course. 

In France, engineers are also trained in two or three stages,, with the o\er-all 
length of the course being live to six years 

In the USSR, engineer training occupies live to six )ears straight without 
any mteriiiediate stages After preparing a diploma project (diploma pciper) 
and defending it before the State Examination Board, the student is awarded 
an Engineer's qualification. He must then undergo probation at the place of 
his future professional actnit), during which time he studies the specihc 
features of its production, teehnologv, organization and economy, wage policy, 
labour protection arrangements, etc. 

It is impossible to establish exact periods within which engineers can be 

1 See /'inf nnswotth Repot t I tl mat ton ami Tfauunf^ Rcquncmcnts ioi the iJattuul ami 
\tcituomul Manufacfuftny Imlustties^ \ ondon, HMSO, 1966. 
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iraincd, and a dilTereiKc of a half >car or so ts possible cillicr Nvay. The lengili 
of iraming depends on llie fieldb of major siud>, methods of luiiion and many 
oilier faeiors. Thus, for example, in the U.S.S.R. the mosl sophisiicaled 
speuallies requiring an e\lreniel> high le\e! of nialiienialiea! training or a 
thorough knowledge of computer equipment and techniques eniplo>cd in new 
branches of industr>, call for a particular arrangement whereby engineers are 
trained ni two stages, first, for live to six >cars, during which time a diploma 
paper ib prepared and submitted for the qualification of engineer in the profes- 
sional area chosen, and second, for two \ears, during which time another 
diploma paper is prepared and submitted for the qualification of engineer 
mathematicuin. However, exceptional cases of this character should be con- 
sidered separately. 

In Mew of what has been said above it would seem that the problem of 
comparabilit> of diplomas, certificates and education cannot be solved in a 
formal wa> b> comparing the s>!labuses of individual disciplines and the 
instruction time allotted to the stud> thereof. Tlie level of education depends 
not onl> on the stud> courses and their contents but also on how they match 
one another and whether instruction time is divided among them harmoniously. 
It depends on the entire structure of tuition, methods of teaching, academic 
qualification of the teaching siaiT, and many other factors. 

All this prompts the idea of establishing integral criteria to determine the 
academic level of education and the standard of training of specialists. 

Each branch of instruction (engineering, medicine, philology, etc ) will have 
criieria of its own, >et methods of arriving at them may prove to be common 
to all branches. A method of determining an integral criterion as applicable 
to technical education is described in the following pages. 
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All things considered, it is the total number of hours S, allotted to compulsory 
classes with an academic adviser that determines the over-all level of education 
in the lirst phice. Hence, the total amount of compulsory classes with an 
academic adviser expressed in terms of hours is one of the basic criteria of 
the level of education. 

These hours S, are distributed in accordance with the curriculum among 
many disciplines which can be grouped as follows: (a) general science and 
general engineering disciplines; (b) professional disciplines; (c) humanities. 

Group (a) comprises: (i) all courses of abstract (pure) and applied mathe- 
matics; (ii) all sections of physics; (lii) all sections of chemistry; (iv) theoretical 
mechanics (statics, kinematics and dynamics of solids); (v) political economy. 

Group (b) includes- (i) descriptive geometry and graphics (or mechanical 
drawing); (ii) strength of materials, including theoretical elasticity (statics and 
dynamics of elastic bod>); (iii) constructional mechanics (statics and dynamics 
of elastic systems and their stability); (iv) mechanics of fluids and gases; 
(v) electrical engineering; (vi) thermodynamics, including heat transfer; 
(vii) theory of machines (applied mechanics); (viii) information systems 
(computers, systems of automatic control and the like). 

The groups of general science and general engineering disciplines determine 
the academic standard of education. There is a current view that it is not 
reasonable to place these subjects in two different groups. True, they could 
a!l he considered genenH science disciplines in the case of technical areas of 
study However it is not, in principle, of critical importance whether the 
general science and the general engineering disciplines are separated into two 
groups or regarded as a general science group. What is important to emphasize 
IS that there is a unanimous opinion that the general science ana general 
engineering disciplines constitute the foundation of engineor training. When 
studying these disciplines the students develop their creative thinking to the 
fullest capacity The scope of the engineer's professional area is also determined 
by the vohime and content of the general science and general engineering 
disciplines which underlie all professional subjects. These same groups teach 
students to handle information systems and computers which have come to 
be the engineer's principal tool in his professional activity. 

It is interesting to note in examining the curricula and syllabuses of leading 
technical institutions of higher learning in the more developed countries, that 
the titles of general science and general engineering disciplines as well as the 
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distrilnilion of slud\ mallei among ihcm do nol coincide. >'cl if one suniinari/cs 
all ihc Nlud\ mailer which should he relaled eilher lo Ihe general scienee group 
or lo Uial of general engineering dihciplmes, il appears lo be more or Icbs 
idenlical boih in \oluiiie and conienl provided the lenglh of ihe course is lise 
lo si\ Ne.irs long Therefore, when esLihlishing coniparabihl\ of educalion. 
coMMderalion should be given lo ihe sluire of Ihe general science and general 
engineering disciplines in Ihe engineer iraining lurriculum. This bhare will be 
Ihe basic cluir.iclerislic of ihe academic lc\el of educalion of specialislb al ihc 
insUiulion of higher learning concerned. 

Ihe idea of comparing Ihe s\llabuses of idenlical disciplines wilh a \ie\\ lo 
eslabhshing whelher or nol lhe> are uniform as lo conlent seems hardl> 
praclicable. il would require an immense amounl of work for each specialized 
held of learning, and il can be asseiled lhal coincidence would nol be regislered 
for a single discipline. When examining Ihe curricula and ihe oser-all pallern 
of luilion al engineering deparlmenl.s il is essenlial lo dclermine a poinl of 
pai amounl iniporiance whelher condiHons hasc been crealed under which 
ihe sludenl. idon- wilh ihe ihorough ihcorelical schooling lhal he oblains in 
Ihc sciences, is given ihc possihihl> of deseloping his abihlv to proceed from 
genera! ideas, at limes \aguel\ formulated, lo specific solutions useful for 
soeiely 

In the case of some highei fdi.calion^j I establishments, the programmes are 
so brief lhal il is quite impossible to judge the \olume and content of a course 
with any degiee of accuracy. 

I he CiNil [.ngtncciing Department of the Massachusetts Institute of Techno- 
log\ ma\ be taken as an e\ample. Its courses 1. 01 I Iingineering Mechanics), 
1 03 (I ngineering Analysis) and 1.04 (Anal>sis and Design) are summari/ed 
below 

M)! Ijigineciiiii; Mechanics. Static hehavioui of iigid and deformabie bodies with 
pnniaiy empliasis on deformabie systems. 

1.03 I ngincvring Anal\sis. Mathematical fornuiialion of engineeiing problems, 
solutions and ph\sical interpietations of results. DilVeienUal equations. 

I 04 Sliuclural Anal\sis and Design I Ihe analysis ofdeieiniinate and indetermin- 
aic siKiclural sNsienis and the design of stiuctural elements Hasic force-deformalion 
lelalionships foi member elements ' 

Si\t\ academic hours of conipulsoiv classes and 120 for preparation are 
provided foi Course 1 01. 60 hours of conipulsorv classes with tutor and 120 
of preparation are provided for Course 1.03. and 90 hours of compulsory 
cLisses Willi tutor and 00 hours of preparation are provided for Course 1.04. 

These courses are essential for the training of a civil engineer, and the 
leaching lime allotted thereto can be considered sutlicient However, such 
laconic svllabuses make it impossible to judge the conlent of the courses. 
Intuition alone prompts the conclusion thcU the level of the above courses is 

1. \ta\saihusctts Jnstttute of Technoh}:} lUiUetin 1970171. 

er|c 




(nioiM Uoioiniininy iho lovol of cnginccrmj: cdiic;nion 



siitricicmlN high I or ihis rcison, the lc\c! of undergrcidiuile iraimng can only 
be deicrniincd h\ ihc number of acadeniie hours allotted to the study of 
sarious courses. 

The fundamental course is also nnportant from the point of \ic\v of determin- 
ing the level of deselopnient of a student m a spceilic branch of science. If, for 
e>anip!e, the o\er-all number of hours allotted to the course of higher mathe- 
matics in identical fields of major studies is the same at two institutions of 
higher learning, with emphasis being laid on probability subjeets at one 
insiiiulion and on sector algebra at the other, it ma\ be safely presumed that 
the lesel of mathematical schooling is the same at both institutions. Even if it 
appears that the programmes for identical subjects are absolutely identical at 
both institutions (which is most likeK not the case), tlicir realization depends 
in the final analysis on the lecturer, his seieniific standing and the pedagogical 
school he abides b\. and it is wishful thinking to cxpcet that difTerent lecturers 
can present one and the same course in an absolute identical way. 

It would seem desirable to charactcri/e each aspect of undergraduate 
training in terms of non-dimensioned parameters, fur example, as a ratio 
of the total number of hours reserved for tutorial classes in the general science 
and general engineering disciplines to that stipulated for all tutorial classes for 
the entire period of undergraduate study at a higher technical school. In fact 
this particular parameter determines the share of this group of disciplines 
in the curriciiluir. 

The share of the gcneial science and geneial engineering disciplines can be 
derived from the following dependence: 

(,) 

whore S;, stands for the total number of hours reserved for the study of general 
science and general engineering disciplines in the curriculum. 

The lelative share of the disciplines falling within the group of professional 
subjects and the humanities can also be derived from the formulae: 



= (2) 



Obviously, A', -f A, f A\ = I. 

The final stage of instruction is a diploma paper (or a diploma project), 
which is supposed lo be an independent piece of serious research, a dissertation, 
arousing iheorciKal interest and having applied significance This work should 
lestif) to the maturity of a higher school graduate and Ins ability to solve 
important enginec-'ng problems. Whatever new device an engineer is expected 
lo create he does a the initial stage in the process of de gmng. His design 
should he aimed ;:i solving the problem of developing machinery or structures, 
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incclmg ihc rcquircnKiUs of bociclv and. al llic s*inic iniic, respedini: criteria 
rcliahilil), longc\il\. ccononi), safcl> in production and maintenance and a 
number of otiier features. M*in\ requirements pro\e mconipatihle. for e\anipk\ 
It Is sometiniei) impracticable to ensure both longe\ity and economy. An 
engineer is obliged to seek optimal compromise solutions, and a student*:* 
skill in tinding such solutions is an important indicator of the lc\el of his 
trainnig. 

The share of a diploma paper (or a diploma project) can be dcri\ed from 
the formula: 



where 5j is the number of hours allotted to the preparation of a diploma paper. 

It IS not feasible to tram a highU skilled speeialist, a ereator of new achie\e- 
ments in science and tecIinolog\. under tlic proent conditions unless theoretical 
schooling Is organically related to practical training while the future specialist 
IS still *ui undergr*iduate *ind unless the student learns to combine theoretical 
research witli staging and analysing experiments both m laborator> and factory 
conditions. Ties between theor> and practice should be consolidated during 
laboratory work, tutorial classes, seminars, and which is of paramount 
importance — in the eourse of factory training. 

At the initial stage, an engineer is concerned with design, at the second 
stage With reproducing his design in nature. He elaborates technological 
processes, and in so doing aims at ensuring the high quality of an article to 
be manufactured within the prescribed tinic, in the required quantit), and 
in compliance with the design requirements. To be able to do so, he must 
make a thorough stud> of production while still an undergraduate. 

To begin with, factory .aining introduces the student to the atmosphere 
in which he is destined to carry out his professional work. A student must 
be able to appreciate and assess the work done b> a workman, the economy 
and development prospects of the branch of industry or the industrial enterprise 
concerned, he must ha\e a knack for the technology of production, and must 
be able to lind ways of raising the producti\ity of labour and intensifying 
production. While engaged in a specific task at an industrial enterprise, he 
must concei\e a general idea of the over-all activity of the enterprise. 

Higher schools can implement this programme if undergraduates are given 
a chance to do factory training directly in industrial enterprises while they 
take the theoretical eourse. 

The relative share of industrial training cjn be determined on the basis 
of the number of hours (or weeks) reserved for factory training in relation 
to that envisaged for all theoretical studies (less preparation time), as follows. 



One can hardly speak of serious training in terms of experimental resctirch 



(4) 




(5) 
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if an undcigradiulc is nol required lo carr> out a suflicienl \olunie of 
laboratory work as well as work in experinienuil shops where he can 
Use all sorts of measuring and olh.^ l\pes of modern instruments and 
equipment. 

The share of activity of this kind can he derised from the follow ing ratio. 

^'<> = ~ (6) 

where St is the number of hours reserved for laboratory work and work in 
experimental shops. 

The entire process of tuition can be divided into two parts: compulsory 
classes with an instructor in charge (including lectures, seminars, practical 
and laboratory work) and preparation or out-of-class work. Each of these 
parts is assigned specilie academic time in terms of hours. 

The undergraduates' creative thinking is fostered most eflectively in the 
coiTse of preparation, which is supposed to aim at elements of research during 
the initial stage of tuition and develop into full-.scale research of both a 
theoretical and an experimental character in the last year of study. 

If the total number of hours reserved for compulsory classes with an academic 
adviser be designated by 5, and independent out-of-class work (preparation) 
^pr arrive at the following characteristic ratio: 

In view of the fundamental changes in the training of specialists, traditional 
methods of teaching are bound lo undergo substantial moderniAition. This 
moderni/ation should be based on the principle of maximum intensification 
of tuition, which can be obtained primarily through a wide use of technical 
educational aids, such as films, slides, television, radio, audio- and video- 
recording, computers, teaching machines, etc. The new methods of teaching, 
such as audio-visual and programmed teaching, which rel> to a large extent 
on technica' aids, go a long wa> not only towards intensifying tuition but also 
towards individualizing schooling. Until recently, tuition at any stage of public 
education proceeded from the principle of ensuring progress for a learner with 
an average abilitv to studv and an average cfllciency. In this way, the education 
of learners with better achievements and efllciency than so-called ^average' 
students was, as it were, contained, while poor learners exerted themselves 
too much and still f,iiled to master study matter thoioughly. Such methods 
of tuition can no longer be accepted. Each learner is expected to acquire a 
certain mminuim knowledge and level of creative thinking. If a learner lacks 
the academic background needed to assimilate this knowledge, individual 
classes should be arranged for him to ensure that he masters the knowledge 
and studv matter required of a useful specialist. Extra classes should also be 
arranged for learners possessing a higher-than-avcragc background to ensure 
that, within the prescribed length of the course, they obtain knowledge which 
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corrcspond.s lo ihcir ahilil) and which will ncccbbaril) be abo\c llic prescribed 
nimiiiiuni. 

The ah'hiv of a higher educational c\slabhshnienl lo use educational 
technoloiz} on a large scale and to make arrangements for schoohng in a wide 
range uf alternate discipline^ and subjcv.^ ai the undergraduates' option makes 
for a high lc\cl of undergraduate training Industrialization of the methods of 
tuition will require re-shapingof the entire pattern of education, and appropriate 
iraniing of the academic stalT. 

If the total (lu.nber of houi^ lor which technical aids arc used be designated 
b\ Sf^j, the indcN of their utili/»Uion <K\n be expressed bv the following ..ocnicient. 

Anv pattern of higher educ»Uion is bound to f*ul unless the academic st*itr 
has the necess*ir\ qu*i!iflc»itions. Hence it is re*isonable to assume that the 
academic .stiUid*ird of spccuUist tr»uning depends on the academic st*iir of 
the higher sciiool concerned. The ratio of the number of lecturers aw*irded 
the tifsi academic degree (Ph.D., Candidate of Science, and the like) and the 
second academic deg''ee (Doctor of Science in the U.S.S,R,) denoted b} P^^^ 
lo the total number o" professors and lecturers on the teaching stalT expressed 
b\ P. or: 

- ^ (9) 

IS therefore tiie determining factor of the academic standtird of tnuning of 
specialists 

All piirameters A,, A\ A,, are non-diniensioned, and can therefore be 
summed up. Howe\er, tiieir significance in determining the le\cl of educ*ition 
will ob\iousl\ be diHerent. \ or this reason, each parameter A, should be multi- 
plied b\ *i coel]icieitt gi\ing its reKitue significance in determining the *ic*idemic 
le\cl of engineer training. Then proceeding from dependences (I 9) we obtain. 

K - 7, K, -f 7> A'> -f ... -f a„ a:„ 

or 

a: = v' (10) 

where K is what ma\ be called an integral criterion determining the academic 
ic\e! of education *ind the st*uid*ird of engineer tra.ning *it the institution of 
higher learning concerned. 

Young .specialists' probation does not form part of this criterion since it 
is envisaged as a rule m nearly all eountru\s. 

It would seem that coetlicients a, should be determined h) a poll among 
higher .school experts on a tcn-point grading scale, taking due account of the 
experience accumulated b> individual institution., 'f higher learning in various 
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Tabu 3. Niinicncal xalucs of CDclliticiUs (i) 



General seience ami general 




l-aetor\ training 


6 


engineerint: divc splines 


10 


l.aborator> work 


8 


Profesiimal subjects 




indepencleni preparation 


10 


fUinKiiiiiies 


4 


Technical aids 


6 


Dtplonia design dlipionia paper) 


!0 


Academic stalV 


10 


Louniric*. \Vc would recommend iluii ihc numerical \alue.i of ihe 


Locllicienis 



shown in Table 3 be used. 

In(ei:ral cnierion can he determined with a larizcr or smaller number of 
lis tomponenii, that ihcir number isdesiunaled lliroiigh // in genera! formula 
(10). The relative signifiLance of each eomponeni J.e. \alue x,. can also \ar\ 
ihiHiuh It docs not change anvthing in the final analvsis. What is important is 
to he able to (".eline the method of determining the integral criterion of the 
academic level of educaiion and standard of engineer training with non- 
dimensioned parameters, as well as the relative share of each parameter ni 
the o\er-all \ahie of this criterion. 

When elaborating a curriculum it is extremelv imp^>rtant to arrive at the 
most harmonious combination of individual components which the training 
of engineers comprises. 

\n e\ceedingi\ !ar .e \ok;;;ie of general science disciplines the expense 
of professional subjects will be as detrimental to the level of engineer training 
as an unreasonable curtailment of the general science disciphnes in favour of 
ihc professional. F'or this reason the values of coefilcients -x, should be determin- 
ed with a view to bringing the individual groups of disciplines and tvpcs of 
academic aciivity into proper balance. 

The influence of independent preparation is taken account of in a summari/cd 
manner However, this e\tremelv important tvpe of academic aciivitv is 
manifold in character and can tI»Lrefore be dillerentiated inio three mam i>pes, 

\n engineer's professional activitv has specilic featiires. Whereas a scientist 
enhances people's knowledge and lavs the foundation for the creation of 
material values, the engineer's basic task is to reproduce such values in nature. 
\n engineer is called upi to calculate and design machinerv. instruments and 
structures, elaborate technological processes to reproduce designed objects in 
nature all this on the basis of e\perimenial data or. perhaps. b> engmcermg 
intiiition Engineering intuition should he developed even at the initial stage 
of unc'ergraduate training. When he starts on his professional career, an 
engineer hegnis lo accumulate e\perience. In this connexion it niav he observed 
that course designing (or couise papers) containing elements of a research 
character as well as actual research carried out b> undergraduates both theoiLl- 
icallv and e\perinientall\ » is a most important component in the making of 
an engineer. 

\ll this aetiut>» apart from comnulsor> consultations for course papers 
and couple projects and their discussion, is supposed to he conducted wiihm 
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llic limc Iimil reserved for preparation, i.e. (o lit wiihin S^,. Thus, (he total 
number of hours 5^^ reserved for preparation is made up of three components: 

1. Working at disciplines, includmu: fulfdment of small assignments, participa- 
tion in diseussion groups, taking e.xaminations, etc.: 

2. Course projects (papers): 

3. Researeh work: 

K'; 

The significance of each of the parameters K'^, K'-, and K'7 in the shaping 
of a creative engineer al^o varies, as m the other cases. 

The assessment of independent preparation can therefore be characterized 
In a non-dimensioned integral criterion to be derived from the formuia: 

AV = -f P.K; + I^K; (!4) 

Coeflicients /?,, and (i^ in this formula determine the significance of each 
t\pe of preparation in die development of a student\s creative thinking, the 
values of which are indicated here as a rough approximation, work on study 
matter of lectures, discussion classes, examinations, 6, course papers (projects), 
8: and research work, 10. 

In the final anal>sis, the volume of knowledge obtained bv students is 
governed bv the lengtli of ihv. course or, to be more exact, by the total number 
of hours reserved for compulsorv classes vvitli an academic adviser and for 
independent preparation. Therefore, apart from integral criterion it is 
desirable to determine the numerical values of 5, and A'^^, which are of extreme 
importance in establishing the comparabiIit> of training and winch indicate 
tlic total number of hours allotted to compulsory classes with an academic 
adviser and to independent preparation respectively. 

It follows from the above that the academic level of education in a given 
field of studv at two universities can be considered identical provided 5,, K 
and have identical values in both cases. 

TAact coincidence of these criteria calculated for dilferent institutions of 
higher learning is hardiv possible, but if the dilTerence in their values docs 
not exceed 5 to 10 per cen* it mav reasonablv he argued that the academic 
level of education at the iiigher educational estabhshmenls concerned is 
identical iUid the diploniiis iivvarded by them are comparable. The degree of 
possible variation of 5\, K and K^^ also calls for further study. 

We shall now undertake an analysis of the curricula of some institutions of 
higher learning in various countries in order to illustrate the method proposed 
above 



(II) 



(12) 



(13) 
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Any such analysis is difficulL bince ihe curricula arc made up on different 
pallerns and with a Nar>ine degree of detail. In some counlrieb the content 
of independent preparation is not officially stipulated. Differentiation of 
individual types of preparation (research, designing, etc.) is lacking in some 
cases. Information on the utilization of technical aids is bcarce. There is no 
data on the strength of the academic staff. However, the purpose of this work 
IS to establish a method of determining the comparability of diplomas, rather 
than to elaborate a draft agreement between specific countries. 

In Niew of the fact that much of the information needed for a thorough 
analysis is lacking, we will attempt to determine two criteria (S, and K) for 
various institutions of higher learning. 



Higher technical schools of the U.S.S.R. 

The curricula of all institutions of higher learning are under review at the 
present time. However, on the whole they will maintain their patterns and 
the basic direction adopted in the training of specialists of high standmc in 
the U.S.S.R. 

VIcn and women have equal rights of access to institutions of higher learning 
and ainone is eligible who has completed a course of secondary education 
and passed the finals for the matriculation certificate. There is also an entrance 
examination at the mstitution of higher education to which admission is sought. 
Admission is on a competitive basis, three candidates normally competinglfor 
one place. 

Applicants for admission take entrance examinations m the disciplines 
determining the field of learning for the specialty chosen, and also in Russian, 
(or the native tongue in which tuition is conducted) and literature. 

Compulsory and optional classes (lectures, laboratory and practical work., 
seminars, etc) under tiie gudance of professors and tutors are stipulated at 
all institutions of higher learning for 36 hours a week in the first to the fourth 
year of study and for 30 hours a week in the fifth and sixth years. 

The amount of home assignments, course projects (papers), research work, 
work at the study matter of lectures, preparation for examinations is so planned 
as to ensure that the student completes roughly 6,500 hours of independent 
preparation during the theoretical courses, examination sessions and factory 
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liamini: foi ihe ciiliiv Juialion of sliidics (51 >cars). It i:oe.> wilhoul saving 
llial lliis tigurc lia.s been dclcrniincd on llic basis of llic average sludenrs 
work capaeilv. 

Lei Uiy anaKse llie LiirriLuluni foi ihe spetiali/ed field designated Teclinolog) 
of MaLhine-buiIding. Melal-LiiUing MaLhme-lools and Tools' olVered b> llie 
Moscow Higher Technological School (MHTS). 

The length of the coursL is 51 >ears. Of the entire course. 244 weeks (85.3 
per tent) are reserved for mstriiLtion and 42 weeks (14 per Lent) are allotted 

Taiui 4 AcailoniiL honr> alloiiod lo LonipuKor> ^UuI> work (MHTS) 



ik'iwutl Mti'tui' and f^c/WKil 

vnatiu'cnm: dts( ipli/ws 
Calculus 455 
(\>nipmers m tMiginociini; and 

economic calciilaiions 54 

ChcniiNtry 141 

Thooroiical nicchaniLs (sialics, 
kinematics and d>naniic- of 
solids) 191 

Siicngdi of maienals 210 

ncscripiiNo gconieirv, moclianiLal 
drawing and diavvinj; 247 

Tcchnologv of metals and otiicr 
constructional niaiciials 230 

Science of materials 102 

Theorv ot machines and mechai.- 

isnis 87 

Machine elements 126 

I- mula mentals of mieichangeabil- 
it>. standaidi/ation and tech- 
nical measurement 54 

llvdrauhcs and hvdropneiimatic 

drive 87 

General electrical engineering and 

industrial electronics 193 

Therniod>namies and heal tians- 

fer ' 68 

f\)liiicai eeonom> 140 
ToiAi ~2[(S4 



Pttffi'wKtna/ Mihjcils 

Lifting and transportation 
machines 34 

( aleulations and composition of 

metaUcuiung machine-tools 90 

Mvdraulic and pneumatic equip- 
ment of machine-tools 54 



Hlectrical equipment of machine- 
tools 

Theory of cutting 

Cutting tools (calculations and 
construction, production tech- 
nology, automatic el;ange and 
control) 

Technology of mechanical engin- 
eering (principles of technology 
of mechanical engineering, 
technological principles of auto- 
matic assembly lines, techno- 
logy of machine production) 
Principles of device construction 
Fundamentals of iUitomatics 
An to ma tie mac h files and devices 
(principles of design, antomatic 
control unit, mechanisms) 
Automation of industrial pro- 
cesses 

Principles of artistic ticsigning 

Industrial economics 

Industrial organization, planning 

and management 
Labour protect ion 
Altei natives 

TOIAI 



Iliumuuiu's 

.Social scfcnces (except political 

economy) 
Foreign language 
Pimeiples of Soviet law 
Foi At 



42 
85 



220 



230 
56 
56 



140 

70 
28 
56 

98 
42 
130 



GRAWI lOlAl 



1.431 



280 
210 

28 

518 

140 

4.773 
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to \acalions Of Ihc lolal number of 244 weeks reserved for uiblruclion. 
theoretical slud\ lakes up 165 weeks, or 67.6 per cent, factory training. 30 
weeks, or 12.2 per cent, sessions. 33 weeks, or 13.5 per cent, and diploma 
work. 16 weeks, or 6.7 per cent 
The lolal number ol hours envisaged for the compulsory theoretical classes 
= 4.709 hours. 

This lime is distributed among the \artous t>pes of acadcn^ic actiMiy as 
follows- lectures, 2.600 hours, or 55.2 per cent, laboratory work and exper- 
inienlal workshops. 849 hours, or IS. 2 per cent, practical (or seminars). 
1.260 hours, or 26 6 per cent 

Academic hours (5,) alL>tted to compulsor> stud\ work are distributed as 
sho\^n in Table 4. 

Undergraduates arc expected to complete the following course projects during 
the period of instruction, the theor> of machmer> (in the fifth semester): 
machinery features (si\th semester), lifting and transportation machines 
(se\cnth semester), culling tools (calculations of a project, technology of 
production, change and control automation) (eighth semester), machine- 
building lechnolog) (ninth semester), automatic machines and devices (tenth 
semester), and industrial organization, planning and management (elcsenth 
semester). 

IZach project consists of 3 sections dealing with design, technology and 
econom\ The subject matter is laid down in 3 to 5 shcet.s of drawings and 
an explanatory note setting forth all calculations as to design, technological 
processes and economic substaniiation with variants. 

•\ project should in\ol\e no\el elements and the student is expected to 
rc\eal his faculty for independent research, both theoretical and experimental 

Ml projects prepare student for the completion of a major work a 
diploma paper or diploma project, which he prepares on completion of the 
theoretical course. 

In some cases, the results obtained in the preparation of course and diploma 
projects are made usj of in industrv. especial!) when urgent problems of 
practical interest are tackled. 

riie above-mentioned coelVicicnts. characteri/mg the academic level of 
education, have the following values for this specialitv studied at MUTS 
Cieneial science education 



2.684 
4". 773 



---- 0 562. 



(I) 



Professional iraininu 



1.431 

4J"73 



(2) 



Humanitarian education: 
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Coniparjbiliiy of cnginoonns: courses and degrees 



Diploma project: 



ERIC 



Sj 16 weeks x 6 days x 10 hours . , ... 
= = — — = 0.201. (4) 



On-the-job training: 



S 30 

Ks = -~ = -~ = 0J82 (in terms of weeks), (5) 



Laboratory vork: 



Preparation: 



S, 165 



' -It - w - <" 



Technical aids and facilities employed in tuition: 

Ks = = 0.50. (8) 

Ratio of academic stalY holdmg academic degrees of Candidate or Doctor of 
Science and academic Mtles of associate professor and full professor. 

fC, = = 0.56. (9) 

In accordance with equation (10) (page 40) and Table 3 we can determine 
the intcizral cntenon of the level of training of MHTS graduates: 



• Mill 



s = I ^. ^. = 10 X 0-562 4- 6 X 0.300 4- 4 x 0.138 + 



-I- 10 X 0.201 4- 6 X 0.182 -i- 8 x 0.178 + 
4- 10 X 1.36 + 6 X 0.50 4- 10 X 0.56 
K,nns = 35.4. 

The curriculum of the course TIectrical Power Stations' offered at the Moscow 
Power Engineering Institute (MPEI) is given below. 

The length uf the course is 5\ years and comprises, trainings 240 weeks, or 
84 per cent; and vocation, 46 weeks, or 16 per cent. 

The total number of weeks set aside for study work is. theoretical study 
work, 153 weeks, or 63.9 per cent: on-the-job training, 35 weeks, or 14.6 per 
cent, sessions, 31 weeks, or 12.9 per cent; and diploma project,^ 21 weeks, 
or 8.6 per cent. 

The total amount of preparation equals S^, = 6,200 hours. 
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Analysis of the curricula of institutions of higher Icarnmg 
Tabu 5. Academic hoins allotted to compulsory study work (MPHI) 



t)iM.ipline-.Subject Disciplme/Subjcvt of 



General science 
and genetal engineer ini( 
Calculus 514 
FunJanienials of machine com- 
putation 56 
Computer sybtems in engineering 

and economic calculations 48 
Physics 306 
Chemistry 136 
Mechanics 216 
Theory of electrical engine ermg 350 
Descriptive geometry and mechan- 
ical drawing 124 
Industrial electrical engineering 96 
Technology of metals and other 

constructional materials 84 
Materials in electrical cngmcering 48 
Measurement in electrical engin- 
eering 64 
Political economy 140 
Scientific training 92 
Total 2,274 

Profe^Monal snhjeca 

HIecincal machines 193 

Llectncai circuits 94 



Fli'ff 1 1 nc I't n<a 1 ■ /t ni^ 


56 


I luiiMiKjii |jnjLv,sss.s III eiCviricai 






1 /4 


High-voltdge equipment 


115 


Relay protection 


o** 


Automation of power systems 


96 


Iilectrical i*ninr>nipni nf nr»wor 




electrical stations 




Operating conditions of work of 




power electrical stations 


106 


Economics of power engineering 


58 


Industrial organization, planning 




and management 


99 


Labour protection (safety) 


40 


Altcrnaiive 


247 


Total 


1,508 


Humanities 




Social sciences 


280 


Foreign language 


210 


The fundamentals of Soviet law 


28 


Total 


518 


Physical training 


140 


GkAND TOTAL 


4,440 



The lolal number of hours allotted lo compulsory theoretical study work 
conducted by professors and lecturers is = 4,400 hours. 

Time distribution among the various types of academic activity is as follows 
lectures, 2.105 hours: laboratory work, 772 hours; and practical, 1,563 hours. 

The time allotted to compulsory study work is distributed as shown in Table 5. 
Undergraduates prepare projects during the course in. the theory of inachines 
and design of machine elements (iifth semester), electrical circuits (sixth 
semester), electrical machines (seventh semester), power generating equipment 
(eight semester): electrical equipment of power stations (nintli semester), 
operating conditions of electric power stations (tenth semester), mdustrial 
organi/cation, planning and management (tenth semester). 

Fach project dealing with mechanics is aimed at elaborating a design and 
the tCLhnoIogical processes needed fur the manufacture of designed units, 
along with calculations for strength and the relevant economic Lakulations. 
In the case of electrical engineering projects, electrical circuits are elaborated 
along with appiopriate technical and economic calculations, technological 
processes arc developed, and problems of maintenance are solved. 
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ERIC 



The rcbulth oblaincd in ilic preparalion of cerKiin projects iinoKing urgeni 
problems of praciical inieresi, are made use of in nidusirial produciion. 

Each projeci coniains elenienis of research, both iheoreiical and cxpen- 
nicMUdl. and prepares ihe student for a major undertaking a diploma paper 
or diploma project, which is a serious piece of researching or experimental 
designing. 

The above coelTicients which characterize the academic level of education 
for this course at MPEI have the following values. 
General science education. 



Professional traininu: 



Humanitarian education: 



Diploma project: 



Sj 21 weeks x 6 days x 10 hours __ 



On-the-job training: 

~~ 135 



Laboratory work: 



Preparalion: 



(4) 



K% = — = = 0.229 (in terms of weeks). (5) 



K - 1 40 (7) 

Technical aids and facilities employed in tuition. 

K« = 4- = 0-50- (8) 

Ratio of academic stafT holding academic degrees of Candidate or Doctor of 
Science and acadcnuc titles of associate professor and full professor. 

= ij;L^- = 0.52. (9) 
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In accord.ince with eqiuiiion (10) (page 40) and Table 3 we bhall deiermine 
the integral cruet ion,, namely: 

A" = y 5:, K, = 10 X 0.512 -f S x 0,340 -f 4 x 0,148 -j- 
I- 1 

4- 10 X 0.284 + 6 X 0.229 + 8 x 0.174 -f 
4- 10 X !. 40 4- 6 X 0.50 -f 10 x 0.52 
^'\//'// = 36,2. 

The comparison bliows that 5, ^„ns dilTers from 5, ^^p^ by 1 per cent 
while the dilTerencc between A\,„,s and A^,^,, 2.2 per ceat. Consequently 
the professional lesel of training at these higher educational instituttons is 
identical The expenence of the Moscow Higher Technological School and the 
Moscow Power Engineering Institute confirms this identity. But separate 
elements of the integral criterion ha\e dillerent salues. The abose-mentioned 
examples show that integral criteria may be estimated for d;ITercnt higher 
educational institutions and for dillerent specialties. 

However, comparison of the curricula and programmes of two higher 
educational institutions in the same country does not solve the difiiculties tn 
establishing comparability of education. Even the total number of hours 
envisaged for compulsory classes with a tutor and independent preparation 
Nary with an identical level of engineer training. This circumstance is largely 
explained, first, bv dilTerent pedagogical schools and, second, by dilTerent 
specialized fields of engineer training, which, incidentally, have been singled 
out mieniionally, ' 

Higher educational establishments of the United States 

A student must complete a 4-year course of theoretical schooling to be entitled 
to a Bachelor's degree. He must complete some 120 credit units, or roughly 
360 credit hours, for this period. One credit unit is approximately equal to 
45 hours of a student's academic work (compulsory with a tutor and pre- 
paration). 

The curriculum for a Bachelor's degree at the Massachusetts Institute of 
Technology is for a course of 4 years and consists of 2 sections: (a) general 
insiiiuie requirements uniform for all fields of study, and (b) departmental 
programmes relative to the specific fields of learning (see Table 6). 

MIT awards the degrees of Bachelor, Master and Engineer as well as doctoral 
degrees in 38 branuhes of science In addition, U oHers post-graduate and post- 
doctoral studv programmes in the fields of engineering sciences, management 

I The iniegial Lnicna Jo not intorpoiaie the uidiccb thai Lharatlen/c tlie signiiicaiiLe of 
one-vear iiuliistiial probaiion in the education o\ the cngineeis. 
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Comparability of onginoonng courses and dcgiocs 



Tabll 6. General institute and departmental requirements for a Bachelor's degree (MIT) 



Crcdil hours (inclucJmg classes) 
CompuliOfy Preparation Toial 



General institute i equircnients 



5 0! 


Chemistry 


5 


7 


12 


8.01/8.02 


Ph>Mes \,\\ 


10 


14 


24 


18.01 


Compuung maihemaiies 


8 


16 


24 


18.02 


Mumanitics 


24 


48 


72 




TOIAL 


47 




85 




132 


Depart tuenttil 


reqiiirement.s— civil engineering; 








1.00 


Conmuinieaiion systems 


6 


6 


12 


1.01 


Engineering mechanies 


4 


8 


12 


1 02 


lingmeering materials 


6 


6 


12 


1.03 


Engineering analysis 


4 


8 


12 


1.04 


Struetiiral analysis and Project I 


6 


6 


12 


1.05 


Fluid mechanics 


6 


6 


12 


1.06 


Soil mechanics 


6 


6 


12 


1.07 


Analysis of indeterminate systems 


4 


5 


9 


1.08 


Gcotcchnology 


6 


6 


12 


1.09 


Civil engineering 


6 


12 


18 


8.03 


Ph>s!cs HI 


5 


7 


12 


18.034 


DifVcrcntial cquaiions 


3 


9 


12 




TOIAL 


62 


85 


147 


Contpuhor) labonttorv work 


12 




12 


Optional 




23 


46 


69 




Grand ioial 


144 


216 


360 



Rcf. Tnle of 

No. cJi!>^iplincSub)CCt 



and social sciences. Several programmes for de^zrces arc olTered at each of its 
23 departments. 

The disciplines available in the junior years lead to a B.Sc those in the 
senior years, to a B.Tech.. S.M., M.Arch,, M.C.P., various Engineer degrees/ 
Ph D. and SCD. 

The academic >ear lasts for 2 terms,^ each 15 weeks long. Each freshman 
prepares a report on his aLhieveinents and his work in each subject. This is 
submitted for assessment to his tutor in the middle and at the end of each 
term. The student sits for an examinatton at the end of each term. Registered 
undergraduate students of o utstanding ability may take examinations for 
advanced standing during the examination periods in each term, 

1. Engineer degrees. Chcmicul Lnginecr, Llcctrital Engineer, Engineer in Aeronautics and 
Astronautics, Marine Mei.han»i.al Engineer, Materials Engineer, Mechanical Lnginecr, 
Metallurgical Engineer, Mineial Engineer, Naval Architect, Naval Engineer, Civil 
Engineer, Nuclear Engineer, Ocean Engineer. 
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Analysis of the auricula of insiituiions of higher learning 



The basic fields of learning ollered for studenis in ilie junior vears of siudy 
arc as follows- engineering: archileLlure and planning; nianagemenl, liunian- 
me>: social scicnecs:^ natural sciences 

The general iiisiiuile requirenienis consist parll> of special sections of the 
natural sciences and partly of the luinianities and the social sciences, all 
sections o' these disciplines being elective. 

Fach deparlnienial programnie consists, in part, of a grouping of subjects 
in the areas of professional interest to the course or courses represented by 
that particular department and, in part, of additional opportunities for the 
student to take subjects of his choice. By institute rule, time for elec.ives is 
aNailable to e\er\ student in the lirst. third and fourth years. Ever) student 
can use these clcctise opportunities to follow special interests and to deepen 
or broaden his educational background. Programmes may be arranged to 
prepare un lergraduates for ad\anced stud\ in interdisciplinary fields such as 
astrophysics., coiiinuinication science, and space science and technology. 

AdditionalK, some students follow wliat is Lalled a co-operative programme, 
which includes on-the-job training and is equal to 8 credit hours. 

The coH^perative programme therefore consists of 368 classes composed of: 
144 compulsory classes: 216 preparation classes: and 8 on-the-job training 
classes Conscqueiitl), the total number of academic hours equals 360 - 15 = 
5,400, of which 144 ^ 15 = :,I60 (tutorial) and 216 - 15 = 3,240 (prepara- 
tion). On-the-job training equals 8 • 15 = 120. 

To proceed to a Master's degree, an additional tuition for I year, or 66 credit 
hours, IS required The curricula and programmes of a course leading to a 
Master's degree are, as a rule, individual so that it is hard to distribute them 
among the sets of subjects and types of academic activity. Time distribution 
among the types of academic actiwty in the same proportion as for Bachelor's 
will be as follows' 66 15 academic hours = 990 academic hours, of which 
22 15 = 330 academic hours (tutorial) and 44 . 15 = 660 academic hours 
(prepa ration). 

Thus, a student enrolled at MIT should stud> for a period of 5 years to be 
awarded a Master's degree and should complete 6,390 hours in all. that is 
5,400 + 990 = 6.390 hours, of which 2,160 4- 330 = 2.490 hours (tutorial) 
and 3.240 f- 660 = 3.900 hours (preparation): plus 120 hours, on-the-job 
training (for studenis following co-operative programmes) and 270 hours 
for dissertation work. 

To he awarded an Engineer's degree, a student should study for an additional 
2 veart, following the Bachelor's degree, complete the minimum of 162 credit 
hours durinj these 2 years and submit a dissertation. Time distribution is as 
follows- a total of 162 15 ^ 2,430 hours, of which 54 - 15 = 810 hours 
(tutorial), and 108 15 = 1.620 hours preparation. 

Hence, to be awarded the Ljualification of Engineer, a freshman is expected, 
in accordance with the co-operative programme, to complete, a total of 360 + 
162 = 522 credit hours, of which 144 + 54 = 198 credit hours (tutorial) and 
216 f 108 = 324 credit hours (preparation): or in academic hours: S, = 198 

15 = 2.970 hours(tutorial) and .S;, = 324 15 = 4,860 hours(prcparation): 
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plus.S,^ - 120 hours of on-thc-job irainini: (for siudcnis following co-opcraiisc 
prograiiinic) .Vj =n IS 15 = 270 hours for coniplclion of dib.scriaiion. 

The lulai luinibcr of hours can be divided according lo groups of disciplines 
as shown below. 



Uroup oi i^iVitul siiituc suh/uLs, ph>sics (10 credit hours), clieniLslr> (5), 
calculus (8). seminars in these disciplines (6). allernatise (9) loial 38 credit 
hours. 

Coniiiuinicalion svsieiiis (6 credit hours), engineering mechanics (6). engin- 
eering ana!>sis (4). structural ana I > sis (5). Iluid mechanics (6). analysis of 
indeterminate systems (4). pli>sics III (5), dilVerential equations (3) total = 
40 credit hours. 

The abo\e gives a grand total of 78 credit hours or S, = 78 15 = 1J70 
ticadjiiiic hours, professional subjects for engineer training. 42 ^ 54 ^ 96 credit 
hours or ^ 90 15 = 1 .440 academic houis. humanities, 24credit hours or 
S,^ - 24 15 360 academic hours. The integral criterion for this speciality 
may be deter mined as follows: 
General scieiicx education: 



P rof e ss I o n a I training: 



liunianitarian education * 
Diploma project. 



On-the-job training: 



Laboratory work: 



Preparation. 



^'5 



1,170 

2.9~70^ 



1.440^ 
2,97(r 



360 _ 
2,970' 



270 
2,970" 



120 
2.970 



180 
2,970 



4.860 
2.970 



^ 0.394. 



= 0.485 



0.120. 



0091. 



= 0 040. 



= 0 061. 



1.64. 



<1) 



(2) 



0) 



(4) 



(5) 



(6) 



(7) 



An,tl\Ms ol the cnincnKi i»f InMlt^ItIo^^ of h»i;hci ItMrning 



In the ahsciKc o{ an\ spccilic dala on iho SLopc of cinpIo\nicnl of (CLhnical 
aids and faciliiics in luiiion and on ihc numerical sircniiih of ilic aeadcniic 
Niatl (that IS ihc number of professors and lecturers, indudnii; those holdniu 
Ph I) and S.I) ). the same \alues ha\e been adopted m calculaiton and Ao 
as for the higher educational establishments of the U S.S,R, 

Technical aids and facilities. 



Academic sialV. 



S, 2.970 (8) 



/ (9) 



Ihc niieirral criterion will be den\ed from formula (10) (page 40) and ilie 
\alue of 2, from Table 3, as follows. 



^Mii = X ^. ^ X ^J-'^'^^ -f 8 X 0.485 4- 4 X 1,120 -f 
I I 

f 10 X 0,09 ;- 6 X 0.040 -f 8 x 0,06 4- 
-f 10 X 1.64 4- 6 X 0.5 -I- 10 X 0.56 
- 34.95 ^ 35.0. 

It should be iccalled that = 35.4 and K.tm = 36.2 The oser-all 

number of hours allotted to tutorials during the entire period of training for 
the aboNe-iiieniioned institutions will be as follows. 

.Vm////s = 4,773; S,,,„, = 4.440: .Vm,// = 2.97(V 

Huis the academic level of education pro\ided In the Massachusetts Institute 
t^f Tcchnolog) with a 6-\ear course under the co-operati\e programme (assum- 
tng that the requirements demanded of candidates applvmg for the Lngmeer 
degree arc mei) is comparable to that possessed In graduates from the Moscow 
Mighci rcclinological School(MllTS)and Moscow Power Lnginecring Insmute 
(\IPL I) llowe\er. the oxer-all amount of stud\ material for students of MIT 
IS smaller than in the case of MUTS and Mf^EI. The dilVerence 1 ecomes less 
promninccd in the case of students taking additional courses from ad\anced 
programmes. 

The integral criterion determining the training of Bachelors of Science at 
\lir for 4 \ears roughl\ equals K = 25. 

In terms of disciplines studied, as already noted, it is impraciicable to 
establish comparabilit\ of diplomas from the curricula and s>ILibuses. 

The siruciurc of the Mechanical flnginecring Department provides for 3 mam 
liolds of stud) in engineering mechanics (a) material science and iiiechanies. 
(b! tluid mcch*Miics and thermodynamics, (c) systems and constructions. 
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Tame 7. Bachelors degree programme in engmeermg meehanics 



Ref 



No. of crcjii hours 



Conipul>orj Prep.trjmm 



Total 





General institute requirements 








Chemistry 






12 




Physics 






24 




Calculus 






24 




I^umamties 






72 




To FAL 






732 




Depcirt men till pro^ronune — 










Solid mechanics 


4 


8 


12 


2.02 


Principles of system dynamics 


4 


8 


12 


2.03 


Dynamics (hydraulics) 


3 


6 


9 


2.201 


Fluid mechanics 


4 


8 


12 


2.30 


Mechanical behaviour of metals 


5 


4 


9 


2.60 


Applied thermodynamics 


3 


6 


9 


2.672 


Experimental engineering I 


4 


2 


6 


2.673 


Experimental engineering II 


4 




6 


2.731 


Constructional engineering 


6 


6 


12 


2.861 


Constructional engineering 










and materials 


8 


4 


12 


8 03 


PhvsiCN 111 


5 


7 


12 


lo.JU4 


Differential equations 


3 


9 


12 




Thesis (report) 


9 




9 




Total 


"62 




132 




Restricted electives 


nuitenals 






3.13 


Science of materials I 


7 


5 


12 


3.141 


Science of materials II 


7 


5 


12 




Total 




Id 






or 










Thernunlynamics 








2.403 


Thermodynamics 


4 


8 


12 


2.42 


Elements of classical 










and statistical thermodynamics 


4 


8 


12 




Total 




16 


24 



Unrestricted electees 



Unrestricted electives 
Grand total 



72 
360 



Planned elective^ 



Majors for all students 
8.04 Principles of quantum physics 

6.141 Introduction to eleetronic.«> 

or 

2.13 Electroineehanical fields 

and systems 



ERIC 



54 



Anal>Ms of the curricula of institutions of higher learnin!? 



2,06 
2,071 
2,652 
2.S62 

2.398 

2.901 
2,903 

2904 

2.202 

2.50 
2.53 

2(>\\ 

2.612 
2 614 

2.643 
2.644 
2.646 

2,13 
2.14 

2,00 
2.711 
2,732 
2,733 

2,654 
2 67 

2,10 
2,101 

2.724 

IS\05 
58.06 

2,74 



\techanics 
Vibration 

Introduction to solid mechanics 
FAj>crin^ental analysis of pressure 
Fundamentals of machine tools 

Research of materials 

fibres^ polimers^ textiles 
Science of poliniers 
Principles of textiles 

and processes science 
Dynamics of processes with fibres 
fluid mechanics 
Dynamics of gases 

Heat transfer 

Heat and mass transfer 

Heat problems 

//«// systems 

Elementary internal combustion 

engines 
Internal-combustion engines 
Laboratory work on internal 

combustion engines 
Air conditioning 
Air conditioning 
Refrigerating machinery 

Dynamic systems and control 
Electromechanical fields 

and systems 
Principles of control system 

Construction 

Introduction to engineering systems 
Geometric construction 
Principles of construction 
Special problems of systems 
and construction 

Laboratory work 

Physical measurement analysis 

Con<;truction and experiment 

Simulation of physical systems 
Elementary programming 

and computers 
Physical models and 

engineering systems I 
Nomography 

.Mathematics 

Advanced computing mathematics 

for engineers 
Advanced computing mathematics 

for engineers 

Biomedical enffmeermt^ 

Problems of biomedical engineering 
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*IA^L^ S. BaJiclors degree programme 



Ref 
no. 



No of > edit lioufN 



I)iN..ip!ine Mihj-s;t 



C ()nii>iihor> I'rep^'ation 



MKIIANK.M I SCiISH RINCi. COIJRSI Il-A 

Oencnil institute rctimrcnicnts 



Chcinisiry 
l*h\sies 

Computing niathematies 
Munuinities 
ToiAL 



12 
24 
24 
Jl 

T32 



Dvpiu t mental pio^tanunc 



2.01 Solid mechanics 

S.03 PhvsiLs III 

18.034 Ditferential equations 

I'heses 

TolAL 



8 
7 
9 

l4 



i2 
12 
12 

9 

"45 



Ucitncs (fi\c of the following list) 

y 141 Material stiencc 

oi 

3.13 Material science \ 1 

2,02 Iniroduciion to system d>namics 4 

2 03 Dynamics 3 

2.201 Kluid mechanics 4 

2 30 Mechanical behaviour 

of materials 5 
2 403 Therniodvnanucs 
or 

2.42 [-lements of classical 

and statistical thermodynamics 4 
2.60 Applied thermodynamics 3 

2.672 Experimental engmcering I 4 

Bxperi menial engineering 4 
2.731 I-ngineerii)g construction 6 

2.861 Engineering construction 

and materials 8 

Restricted eleciives 

Unrestricted electives 



4 

6 
2 
2 
6 

4 



12 
12 
9 
12 



12 
9 
6 
6 

12 

12 
57 
60 



MK H;^M( Al INtaNURINCi ( (>-()I't RAT IVI l'R(KJKAMMl (COURSL ll-H) 



2.151 

2.952 



Indiisiiial pracliLc 
Industrial piaclice 
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SukIciHs of the jiiniui \l\iis of siud\ aic ollcicd 2 pioui.tiiiiiics CoinpIcHon 
of .1 pio^Miiinic nuikcs a siiidciu eligible for llic Jciircc of B.Sl in cnizinconng 
mechanics oi the Ucgicc of l-.iiiZinccr (see Tal)le 7). 

Suulcnis iniciuiini: lo aLquii^ induslruil cxpciiciKc iiia\ lake course II-B. 

I acior\ work equals X credit hours of lahoMlor\ work in ihj selected suhjecl 

Sliulcnis of exLcpuoiial abiliis can follow anadsanLcd stud> proiiraninie for 
junuir undcriiraduaies. tandidales hein^j seicLled M the expiration of ihe lirsl 
\ear of siud> When in ihc third and fourth >eai, studenis so selected take 
spetiali/cd suhjccts. includiniz nian> subjects of the giaduation \ear. On 
conipleiion of the fourih-\car programme, these students possess knowiedi^e 
exteedinii that of candidates for a Master's deiiree 

ihc students who enter on tiieir .studies of the tiraduation >ear norniaily 
hold an Cijuualeni of a Bachelor's degree in engineering iiieLhaniCb in an 
acknowledged engineering school, or sometimes choose I'lelds of concentration 
whicli cross legulai di>uplinai\ hnes. In an\ case the students arc supposed 
to NiiuK the following subjects (either all or some of them}, applied niathe- 
niaiics. h\draulics. d\namks. thei niod\ namics. electrical circuits, electro- 
magnetic fields, materials. 

IhiN hsi of disciplines pio\es that emphasis is laid on the general science 
education of prospective Masters and Fngmceis 

If one compares the list of subjects oiVereJ at the mechanical engineering 
department of Mil with that stipulated for the niachine-buildmg specialtv at 
\nriS 11 will be inimediatel\ apparent that this method docs not work in 
v-slablisliing comparabiIit\ if diplomas Major lields of siud\, the names of 
suhiects, distribution of study matter among the subjects e\ervthing is 
ditlercnt 

A similar conclusion is una\oidabIc when one compares the curricula of 
institutions of higher learning in. sa>. I ranee with those of uni\ersities in 
the I'mied States or the USSR, as will be demonstrated later. 

\l this juncture we can onK reiterate our assertion that integral criteria aie 
the one possible solution. 

Set out below are some of the requirements that candidates for a Master's 
deiriec must meet 

\ sUident who has a Bachelor's degice in the same depaitment in which he 
has enn^iled for the Mastei's degree, oi who has had compaiable preparation 
ciscwheie. ma\ obtain the Master's clegiee in 1 year 

\ student who complete^ the lequirenients foi the Badieloi's degree at the 
instiiule Willi substantial extra advanced ciedits in graduate- subjects ma\ . 
upiMi application, be gianted a relaxation of the normal residence requiicnient 
(apart from thesis) and mav be icconimended for the Master's degiec upon 
completion of the academic requirements. 

ihc degrees o[ Maslei of Science. Master in Aichitectuie. and Master in 
C ii\ Planning are awaided upon satisfactor> completion of <in approved 
programme of stud\ compriMng at least 66 subjcvt units, of which 42 units 
must he in W" subjects, and the completion of an acceptable thesis. 
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Comparabihly of cnyinconnti courses and degrees 



Thobc who proceed lo an S.M. tn leMile leclinology specLilize tn one of the 
following lieid^ of *Nlud\. engineering chemibir>, clieiiiislrv, engineering 
mechanics, indiii)lrial plusicb, and busiiiehb and engineering nianagenienl. 

The choice of a specialized lield of learning ib subject lo approval b\ the 
rele\nnl dcparinienlal coninitllee on gradiiale siudcnls. 

The entire prugraninie of iraining for a Master's degree conies up for approval 
by the com nut lee and the graduate registration olliccr. 

To be recommended fot a Master's degree, students must have an adequate 
educiitional background in addition to a satisfactory knowledge of the academic 
programme of the graduation vear and an acceptable level of research skills. 

In an approved prograninie for a Master of Science degree^ if 34 units of 
* \' subjects iind the thesis iire in a single field of science or engineering (as 
delerniined In a departmental ,01111111 ttee on graduate students), the degree 
IS recommended 111 the specific field in which the student Ikis specialized, 
otherwise, the degree is recommended without specilication of the field. 

The student studies a programme composed of subjects selected by himself, 
which more often tlian not do not coincide with those ollered at tlie engineering 
media mcs department. The choice of subjects should be approved b> a special 
faculty counsellor with a view to establishing their sjgnificanee 

The objective of a programme leading to a Mechanical Engineer degree is 
a more advanced level and a broader range of competence in engineering and 
science is required than for the Master's degree. A candidate for this degree 
must sit for an e\aniination. 

Tlie three basic requirements for a Doctor of Science and Doctor of Philosopliv 
degree are (a) completion of a programme of advanced stiid>, including a 
general examination, (b) demonstration of proficiency m modern foreign 
languages, and (c) completion and oral defence of a thesi.s on original 
research. 

The list of requirements, which those proceeding to the degrees of Bachelor, 
Master and Engineer must meet, bears out the previous conclusion that the 
degree of Engineer constitutes the final stage of higher education upon com- 
pletion of which a candidate can switch over to a research career. A successful 
research career and completion of a significant piece of research entitles the 
holder of an Engineer's degree to proceed to a D.Sc. or a Ph.D., which are 
of comparable scientihc levol. 

Higher educational establishments of the United Kingdom 

rull-linie studv for between 3 and 4 >ears leading to a final examination for 
a Bachelor's degree is the basic form of instruction at the first stage of education 
at universities Under this arrangement, the curricula do not piovide for 
on-lhe-job training and it is nieiel> recommended that students should seek 
jobs m industry during vacations. 




Anal>Ms of the ciiriiciila ot insliiutions ot hii:het ItMUiini: 



In llic courbc of ihcorclical sludics for 3 lo 4 >cars, Ihc sludcnls' pracHcal 
iraining aniounis lo work in laboraloncs or cxpcrinicnlal .shops, wah only 
•'^e-ihird of ihc leaching linic being reserved for ihis ivpe of acadeniic aLiiMiy. 

^ remaining Iwo-ihirds are divided approx .ale!> eciiiall> belwecn lecliircs 
and calciilaiion exercises conducled under ihc guidance of a lulor. 

In Ihe case of sonic speciah/ed fields of LMrning, which invoiNc suhjeci 
mailer of exlrenie coniple\a> and are clo,sel> rclaied lo aclual indusinal 
production, a specific form of inslruclion is praclised. This is ihc *sanduich' 
course, consisling of ahernale periods of college eduLalion and faclory iraining, 
of which menlion was made earlier. 

College graduates compleling ihcir course of slud> on ihe Uhin sandwich' 
p.utern are awarded a Higher iNalional Cerlificale and accorded ihc right lo 
lake a final uni\ersil\ examination for the degree of Bachelor or after a 1-ycar 
probation in industrv to take an examination for a Higher Nauonal Diploma, 
This diploma is comparable to the degree of Bachelor. 

\s pomied out above, the fiili-time stiid> course of 3 >cars ni the specialized 
engineering fields has now been replaced with a 4-\ear course at some insuiulions 
of higher learning 

Those holding the degree of Bachelor (Honours) and proceeding to a Master's 
degree must, as a rule, lake a 1-year course and complete a thesis. 

Master's degree theses, like diploma papers at the Soviet institutions of 
higher learning, must contain research sections, which are prepared as a rule 
direct)) at unisersities (colleges) The facult> ma> allow a candidate to prepare 
his thesis at another institution provided he submits conLlusise esidence that 
the thesis has been completed by him independently, 

\ Master's degree course can follow two patterns: (a) a siniplilied examina- 
tion, with emphasis laid on the completion of research, or (b) a sophisticated 
examination along with a piece of research of limited \olunie. 

Ihere is no requirement whcreb> a thesis must be defended; it is merely 
discussed in a commission which includes experts from other eduLational 
insUtutions. 

Those holding the degree of Bachelor (Honours^ or Master are eligible on 
reaciiing tlie age of 23 to 27 for the highest degree- that of Ph.D. Holders 
of a Bachelor's degree must stiid> certain subjects and complete a thesis 
under the Master's degree programme all within 1 >ear. This means that 
•uich candidates are obliged to take 2 courses during their doctoral studies a 
Master's and a Doctor's degree course while those aheadv holding the degree 
of Master take onl\ the latter course. 

Those who proceed to a Doctor's degree must, as a rule. ha\e a record of 
service in industrv of at least 2 years While doing the doctoral course for 2 
to 3 \ears. candidates are expected to take a series of examinations and to 
complete a thesis. 

The highest academic degree in the United Kingdom is the degree of Higher 
Doctorate it is awarded to scientists holding a Ph.D. for original research 
of exceptional merit The award is made b> a special eommussion. subject 
lo approval by the senate of the university concerned. 
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ConiparabilUy of cntjinocnng courses and degrees 



\\c Nvill now LOiibidcr the LuniLiila ol hoiiic facullies of the Umvcrbiiy of 
Salford. 



I A( UL rv () \ (MI MIS I KV AND A IM» L H I) CKI MIS I l< V 

Dunilion of the aLiuieinic >car. 32 weeks. The total amount of teaehiiig lime 
for students in stream *E' is shown in Table 9. 

The total n olunie of siud) foi the enlire period is ai> follows loial eonipulsory 
studies w ith a tutor. S, = (27 -f- 29 + 28 + 20) 32 - 3J28 hours, of which 
(15 +18+16 -r 13) 32 - L984 hours (leeture^). (10 -f 8 + 8 + 6) a 32 
= K024 hours (lal)orator\ work) and (2 + 3 + 4+1) 32 320 hours 
(luiorud). Independcni work equals S^^ = (4 + 2 + 3 + 4) 32 = 416 hours, 
(diploma project equals S^t = 7 32 = 224 hours. The curriculum for (his 
stream as per groups of subjects is given in 7 able 10. 

Thuse fullilhng the siud) proguimnie with honours lUid conipletinij: iii least 
60 per cent of ciedii work in each subject are awarded (he first professional 
degree of Biichelor (Honours) of the lirst, second or third lesel, and those 
completing M Iciist 40 per cent, the degree of Biichelor, Ordiiiiiry Level, Those 
holding the degree of Bachelor (Honours^ ma> go on to further slud> at the 
uniNei\si(\ with ii \icw to ubiiiining the second professioiiid degree that of 
Master. Some Biichelors. Ordiiiiir\ Le\eL arecLissed in Group One and niii> 
go on to further stud> iit the uiii\ersit> for the second professional degree 
of Master 

F actor} triiiniiig is not provided for at the higher educiitioiial cslablishmeius, 
and it IS nicrclv rccoiiimcndcd that undergraduates should ir) to lind jobs in 
mdub(r\ during their \ tictiiions. Complumce with this recomnieiidaiion is 
stimuhiied b\ the fiict that graduates from universities or othei institutions 
of higher Iciirmng who complete their course on a full-time basis with (he 
lirsl professional degree of Biichclor ciUi onl> be admitted to iin assocuition 
(iiistituic) of engineers in the professional field concerned if the> have a record 
of service in industi^^ of lii Iciist 1 >eai , roughl> amounting to S^^ = 1,600 hours. 
Tiiking ii spccuil eXiiiiiiiKiiion is ii prerequi.siie for admission to an associa- 
tion, upon which ii Biiclielor ma> consider himself to be a full> fledged 
engineer. 

Wall (lie iicadeniic \ear lasting 32 weeks, the over-all amount of teaching 



Tmu { 9 luUil iiiiiuunl ul teaching time fui students in streiiiii L' (in Iiours) per week 
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Analysis of the curticula of mstitiuions of higher learning 



T\mi 10 Curriculiini for the Kiuilt\ of C'hemisliv .iiul Apphoil C heniistn as pei groups 
of subjects 



Hours per week' 



Ol'fU'KlI SiU'fUC subjcits 

General chcniistry 10 5 

Non-oiganic cheniistrv 3 

Organic chemistry I 3 2 

Organic cheniistry II 4 3 

Phvsical chemistry 1 3 I 

PhvMcal chemistry II 3 I 

Strength of materials 3 1 

Mathematics 1 4 

Mathematics II 2 

Mathematics III 3 — 
PhvMcs (electricity and 

magnetism) 2 ! 

Theory of machine> 2 I 

Hydraulics 3 I 

Heat transfer 2 

Meal and mass tiansfci 2 — 

tJectncal technology 2 I 

roiAi "IT ~1 

Pt ojc s s u mal \ uhjtTt v 

Physical met«illurgy 2 I 

Fuel technology I 3 2 

I-ucl technology M 2 



SuhjcM 



Hours per week' 

l.u«)ratory 



l-uel technology 111 
Heat engines I 
Heat engines II 
Industrial processes I 
Industrial puKcsses II 
Industrial processes III 
Industral planning 
Use of materials 
Materials and 

constructions 
Organi/aiion 

and planning 
Safety engineering, 

industrial siiuaiuins 

and patterns 

TOIAL 



liumanitu's 
First year 
Second year 
Third year 

To I \i. 

Gh \M) ioi 1 



10 



44 



3 
3 
3 

~ 
T04 



15 



32 



1 I'ltp.ir itum hours pci week arc as follows fijsi vc.ir. 4. second >t\tr. 2. tinid \e,ir, ^. fouKit >c.ir. 4 Uus 
Ki\cs a total of 1^ In the lourUi \car. 7 hours are allocated to projotts 



titiic is dislnbuud among the various groups of disciplines, conipulsotv classes 

with a tutor and preparation as follows: 

General science group = 51 • 32 = 1.632 hours. 

Professional subjects: = 44 32 = 1.408 hours. 

Huniantlies: 5/, = 9 32 = 288 hours; total for compulsory classes. = 

3.32S hours. 
Diploma project: 5,^ = 7 • 32 = 224 hours 

On-the-job trainmg (for 1 year upon graduation). .V,, = 1.600 hours. 
Laboratory work: ^ 32 - 32 ^ 1.024 hours. 
Pieparation- S^, =: 13 • 32 =: 416 hours. 

The e\lem to which the technical aids arc used, as well as the academic standing 
of the teaching staff, will be taken to agree with the parameters derived for 
the U.S S.R. institutions of higher iearning (MHTS and MPEI). A« ==: 0.50' 
A;» = 0 56. 

I'he parameters will then ha\c (he following values' 



Comparability of engineering courses and degrees 



General science education: 



Professional training* 

M u ni a II 1 1 ies ed iica t i o n : 

Diploma project: 

On-the-job training: 

Laboratory work* 

Preparation: 

Technical aids: 
Academic stall' 



K. = = ^Allr = 0-»25, (7) 
S, 3,328 ^ 

A's = 0.50. (8) 



Kc, = 0,56. (9) 
The integral criterion' will have the following value: 

K = V a. K. = 10 X 0.490 -f 8.0420 -f 4 x 0.86 -f 

-f 10 X 0.066 -f 6 X 0.475 -f 8 x 0.304 + 
-f 10 X 0.125 -f 6 X 0.5 -f 10 x 0.56 
Kkcu = 24.4. 



1. This uUcgral ciUerion dilTcrs from ihobe calculated earlier for the U.S.S.R.'s Moscow 
Higher Tcclinulugical School (MHTS) and Moscow Power engineering Institute (MPtl) 
and the United States' Ma.ssachihctts Institute of Teehnologv (MIT), in that it includes 
probation which i> due on graduation Irom the University of Salford (A'o). 
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AnaKsis of the LuriiLula of in^imitions of higher learning 



Comparison of the cunicLiUini of the Moscow Institute of Chemical Tcdino- 
loi!> (course entitled 'Teehnoloiiv of Basic Ortranic Oil-chemical S>ntacsis'). 
the Ieiii!th of the course heing 5 >ears, with that of the Univcrsitv of Salford, 
anahsed above, also hears witness to the fact that the academic level of 
education at Salfoid is in all respects lower than that olVcred by MKT, This 
is evident from the analysis in Tables 11 and 12. 



Tabu II ( ompanson of ihc aiinaila oDered .u the higher eduL.tUonal eMabhshnicnis of 
the U.S S K. and the Uniled Kingdom 





Mosk.OW IllNtHUtt. 

(it C Iicr]]ik4l 

I Cslll]()l()^\ 

{ L! S S R ) 


L'nivcrMty 
i>t Sjltora 
(United Kingdom) 


l.engih of ihe eourse 


5 >ears 


4 years 


The entire eourse ineludes ihe follovMiig lypcs 




of academic aeuvily 






Tuiorial 


143 weeks 


32 ,4 128 weeks 


On-lhe-job iraining 


30 weeks 


Students are recom- 






mended to take on- 






thc-job training dur- 


Over-all ainounl of conipuKory elasses 




ing vacations 


4,493 houis 


3,32S hours 


Lectures 


1,792 houis 


1.984 hours 


1 ahoraU>r\ work 


1,502 hours 


1.024 hours 


Practical 


1,199 hours 


320 hours 


Hiploma pro i eel 


960 hours 


224 hours 


Preparation 


4.000 houiv 


416 hours 



VwMi 12 Disiribulion of academic lunirs reserved for compulsory classes, hy subjects 



o{ C ncniKal tcLlinoloyv ^ 

(I S S R.) (C/ni(cd Kingdoin) 

SiihjtLt . 1, 

I IiKhidin^ lotul Iruluaing 

t.t)nipulM)rv Lih()r.it()r> toinpuUory laboratory 



C\ilculus, mathematical 
simulation and coinputets 

Deseriptise geometry .md 
nieeh.inical dr.iwing 

Mathematics I, II, Ml 

Phvsics 

Plusics (eleetiicity .uui 

magnetism) 
Ph\ steal metallurg) 

(ft (flip of (heniual udyevts 

Cienetal chemtblry 

Cicneral chemical technology 



461 
126 



50 



162 



126 



288 



64 
64 



320 



32 
32 



160 



46 
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Comparability of cnginccrint; courses and degrees 



Maiciial siriieliiic 90 — — — 

Non -organic chemistry 216 108 % — 

Oiganic chemistry 306 186 224 160 

PhNsical chemistry 247 157 192 64 
/\nalyiical chemistry and 
' ph> steal and chemical 

methods of an;»!>sis 288 262 — — 

Colloidal chennsti) 72 36 — — 

Fuel technology — — 224 64 
Chemistry and technology 

of basic organic and oil 

chemical synthesis 288 178 — — 

ToiAi 1.633 973 1.056 448 

Technical mechanics 234 18 — — 

Theory of niacin ncs — — 64 32 

Strength of mateiials — — 96 32 

Technical thermodynamics 54 12 — — 

Meat transfer — — 64 — 

Heat and mass transfer — — 64 — 
General electric engineering 
and principles of industrial 

electronics 140 50 — — 

Electrical technology 64 32 

Heal engines — — 192 64 

Hvdiauiics ^ 96 32 

Use of materials — — 64 — 

Materials and constructions — — 64 — 
PriKcsses and apparatus 

of chemical technology 227 137 — — 
Theoertical principles of 

technological prcKcsses 68 — — — 
Plant equipment and 

principles of designing 80 — — — 
Principles of automation, 

and automation of industrial 

processes 98 36 — — 

Principles of construction 52 — — — 
Fundamentals of safety 

engineering and fire-fighling 

equipment 62 12 — — 

Industrial processes — — 608 320 

Industrial planning — — 64 — 
Safety engineering, industrial 

situations and patents -- - 64 
Industrial organization 

jnd planning 98 — — — 

Ch.mical engineering economics 54 — — — 

Organization and management - 64 

Political economy 140 — — 

Humanities 416 — 288 — 

HIcctivcs 88 — 

Physical training i40 — — — 

Gkand roFAL 4.479 1.450 3328 1.024 
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Anul\sis ot ihe tumtuLi o* insiiuilions ol highei leaining 



SludcPts of ihc Moscow Irisiiiuic .)i Chemical I CLi'inolog) arc expected iiol 
omI\ 10 learn ihe disciplines nienlioned hui also lo woik mil a series of coni- 
prehensne course papers (projects) as follows fifth semester on theory of 
iiuchines, .sesenlh seinestei on processes and apparatus of chemical techno- 
lot!\ . eighth semester on aiiioniatiLs and automation of industrial proeesse.s, 
iiiiUii semester on mdusliial equipment, and on industiial oiizani/ation, 
planniniz and manatiement. 

I mphasis IS laid in all course projects on the specifk features of chemical 
rnduslr) For this leason, structuies are designed and eakulated to lake account 
of operation and maintenance in diiVerent environments and with large lluclua- 
lions of temperature, pressure, etc CheniKal technological processes, their 
aiilomaiioii and economic aspects are also stressed. 

•\s in other insiriutions of higher learning, projects often tackle ur^ent 
problems of practical srgiiilrcance and their findings are made use of in 
indusii). 

l ach project contains elements of theoretical and experimental research, 
which serses the purpose of prepanng students for the completion of a Imal 
major work a diploma paper or diploma project 

Ihe rntegr-al criterion for the Moscow Institute of Chemical Technolo<»N is 
A - 30 4 



The aboNc anal\sis shows that the length of the course and the solume of 
chemrcal subjects are less than at the Moscow Insiitute of Chemical Technology, 
while factor) training is not included in the Salfor'd curriculum at all 

Unfortunatel), the graduate course pr-ogramme for those wishing to proceed 
to a Master's degree is not a\ailable. If, rn proportion to the new length of the 
course ((j\e \ears), the basic indices are raised b\ 25 per cent, it would seem 
thai a student proceeding to the degree of Master is supposed to complete 
(siarlrngfrom the first \ear of stud\ ): 3,32S 1.25 = 4,160 hours (compulsory 
classes with a tutor), of which 1 ,024 1 ,25 = 1,280 hours (laboratory work). 

No assumption is here made for lecture time since we can safely presume that 
academic work in the Master\ degree course takes the form of experimentation 
at laboratories and a diploma paper (thesis). 

The curriculum for the course 'Technologs of Chemical Hngineeriniz' for 
stream 'C of the l'ni\crsit\ of Salford is given in Table 13. Thrs curriculum 
diHer-s but little fiom the one pre\iousl> anal>sed and discussed, and all the 
conclusions arrived at in reference to that curuculum are \alid m tins case 

Ihe l'ni\ersii> of Salford awards the Ihghjr National Diploma (MND) to 
graduates who successfull\ c\^mplete the studs programme. 

Ml iiigher educational establishments of the IJ.S.S.R , indudin II the Moscow 
Institute of Chemical Tecl,nolog\ . award a uniform document Higher School 
Graduation Diploma to students who successfull> complete the stud> pro- 
gramme, and Higher School Graduation Diploma (Honours) to those who 
complete credrt work for 75 per cent of all the curriculum subjects with the 
highest mark (5) and for the others with 4, and who defend their diploma 
papers with the highest mark. 5. 



Comparability of ciiKinoonni; touiscs ,md doyrccs 



Taiui 13. Tlic tUiiiculuin of ilu a)uisc 'Technology of Clicinical iJngiiiccnng', stream "C\ 
University of Salfoid 
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Higher ediicationa! establishments of India 

ScLondar> cdiiLation docs not follow a uniforni pattern in India there are 
i»clioob wiih 1 1 and 10 tirades. For tins reason the universities utVer preparatory 
courses at vvlucli pro pee live appheanls for admission to higher scIkk)! take 
what IS called a pie-uni\ersii> >ear to complete the prouratnnie of the eleventh 
giade of sccondaiv school. 1 he certificate awarded on completion of a pre- 
paratorv course ( Pre-Uni\ersit> Lxaniination) and the High School Certificate 
a^wirded on completion of II grades of secondar> school make applicants 
eligible for a university. 

I ngmeers are trained at technical colleges and institutes Some of the 
colleges are subordinate to universities. 

The colleges speciah/ing in the lechiiological fields (sudi as Bihar Technical 
and Calcutta Lngineering Colleges, Boniba> College of Chemical Technology) 
ttnd existing wahin the framework of universities award their graduates the 
lirst professional degree of B.Tecli. 
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Anal>sis of ihc ciunaiLi ot inMUutions of htiihor Icarmnj; 



Ihc Daiibad \iininu liisiiimc. ihc Madras. Bonibas. Kliaragpur and Delhi 
icchnoloeical insiiiulcs. and sonic oilier insiauiions of liielicr Icarnnii: award 
iheir graduates liitilier school uraduaiion diplomas, of which some are com- 
parable lo thai of B.Tecli. 

I he lenglh of ihe course for ihe deetee of B.TeLh. is 4 lo 5 \ears. As m ihc 
hiiiher technical schools of ihe Uniied Kingdom, lliis degiee is awarded wilh 
and wilhoui honours, depending on ihe acadeiiiiL aiiainniciiis of ilie graduates. 
The Bachel t's degree programme pro\ides for ihc siud\ of general saencc 
and general engineering disciplines for 2 lo 3 \ears and professional subjects 
for the lasl 2 \ears of slud\. Brief on-the-job iraming is envisaged by the 
course currtcula. 

On ohiaining the degree of B.Tech . speualisis are supposed lo lake mdusirtal 
training for from I to 2 years, and thereafter are entitled to obtain posts as 
technicians 

riic qualilicalion of engineer is aw.irded lo Bachelors of Technology after 
the\ ha\e worked in induslrv as loclinicians for some lime and passed a 
candidate's examination at the rele\aiit engineering society. 

'Ihc curriculum arrangements at a number of larger technical institutions 
prONide that on obtaining the degree of B.Tech. a graduate may go on to 
advanced study at these institutions 

*lhis additioii.d course oilers an option of 2 studs areas, design (I year) 
and research (2 \ears) Those speciali/ing in design are awarded the diploma 
of design engineer, and those spcLiah/mg in researching, the diploma of the 
second professional degree of M.TecIi. 



1M)!\\ IN'SIIIL'II or Il.rM\*r)!.(M.^, HOMBAY 

I hc institute was founded in I95S and recogni/ed as an inslitution of higher 
iearning of uni\ersit\ level entitled to award acadeniiL degrees and issue 
diplomas Schooling starts from the higher level of secondary school. 

The undergraduate course lasts for 5 \ears and leads to the degiee of B.Tech. 
I he curriculum proxides for what is called an integiated course which, in the 
insiuitc's Niew. ensures a reasonable composite study of the sciences, applied 
disciplines and professional subjects, and this arrangement makes it possible 
for prospectiNc engineers not only to be competent specialists m industry but 
also to untertake invention 

There is a 2-year post-graduate course for the degree of Master in aero- 
nauiicN. chcniistrs, elcctnc-power engineering. mcchaniLs. engineering nietal- 
luri!>. ci\il engineering and other lields. The institute also trains researchers 
at the Ph D level 

'Ihe <»cadeniic stall* includes 28.-S lecturers and tutors, of whom half hold 
doctoral degrees. 

\n inicresliiig feature of this and other higher edm itional establishments 
IS that elVorts are constaiillv being nuide lo perfect the content and forms 
of instruction so as to update the technical knowledge imparted to prospective 
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ciiginL'cis Ihc Liiirivulii *uul >\II*ibusc^ iirc MibjCLi lo pcriudiLiil rcMsion lo 
keep pau' \Mtli NLienliliL and leLlinoIogiLal proizre5)N, Al llic Siinie linie, ihe 
LloseM aitennon is paid lo ihe siud\ of funda menial di.sLiplines wliiLh bcrse 
as a basis for i!ic esoluiion of ilie syllabuses 

The LurriLiiui »ind s>!labuses of ihe insiiiuie niLorporale programmes in ilie 
sLiCiiLCs and llie luiniiinmes, due iiLLOuni being Uiken of llie iibo\c cunsider- 
*iUons. The disnplmes of ihese groups iire laken up in logical sequence a* i 
reasonable proooriions all ill rough llie course of siudy. 

A prospeLU\e profcsMonal engineer goes ih rough 4 sMges of insiruLiion »il 
ihe insliiuie. 

Learning ihe fundameiiuils of sLienee *is represcnicd b\ pInsiLS, Lhemislr> and 
malheiiialiLs (general sLienee disLiplines). Al ihe same lime, sludenis are 
gradual!) inroduLed lolhe lethmLiil Uiides (nieLluuiiLal drawing, shop-work, 
and ihe like) 

Siud>ing *i group uf Lener»il engineering subjecls (d\namiL,s, niechanies of 
fluids and bolids. lh.crmod\n»miiLs, eletlriLal Lirtuiis, e lee ironies, jnd sonic 
oihcrs). Emphiisis is laid al ihis siage on oblaining broad fundamenlal 
knowledge iluil will help ihe sludeni lo iipprcLiale ihe links e.\i sling belween 
Ihc sciences and ihe engineering disciplines. 
Wurkiiig a I .subjCLls in ihe lie Id of Lonceniraiion which will enable ihc sludeia 
lo develop his f*iLull\ for crealing ph\sical and anaKlical models in his 
mind and Loncciving basic operaiiiig principles and an arranucnicni of 
coniponenis for a siruciure lo be designed. 
Slud\ing ihe peculiar fe*ilures of si ruc lures as *i whole from ihe poinl of siew 

of ihcir uperalion, mainien*ince, economics and indiisirial aeslhciics. 
Si ud en Is *iic required lo wriie a disse rial ion, known as *i home paper. The 
curriculum slipuLiles ».oniinuous slud> al all slages of ihe luima nines and 
st>cial sciences (such as elhics, logics, economics, mduslnal managcmeni) lo 
meei the objeciives of modern socielv and lake accounl of ihc relaiions 
b'Mwcen man and machine, resources and iheir oonirol. 

A currcni pLiii lo revise ihe whole pallern of inslruciion. including c.irricnia 
and syllabuses, is c\ peeled lo be conipleied very soon. 

The Masler of Technulog> course provides for 1 >ear of slud\ work and 
anoiher year for preparaiioii of a ihesis. 

Each engineering dep*irimeni olTers iis sludeiils a sei of selecied groups of 
more or less rigid disciplines representing various fields of learning. Lacli 
group comprises required subjects and eleciives. The provision of a large 
choice of coniposiie progr*immes allows the sliideni U) select the branch of 
science best atluned to his interests 

A project to unif> the length of the courses and the svllabiises is al present 
under wa> Al most Indkin Iiigher edUwationtd est*iblishments the lirst vear is 
reserved for a prcp*ir*itor> course, including the fundamental sciences. On 
passing examinations in these disciplines the student is entitled lo continue 
his studies 

The period of instruction al the Indian Instilute of Fechnology (f3omba>) 
may be divided into 2 stages: 
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SiUiic One: 5 >car5» of insirudion and ! \car\s work in industn. leadinL' (o 

the degree of B.Tech 
Sraiic Two ' uftvr tlw BTi\h. is ohuwu'ii) . a more (horouiih siudy of (he \arious 
suhjecis and instruction in methods of conducting independent reseaah. Thi.s 
stage leads to the second professional degree of Master in Engineering 
Sciences and lasts for 1 to 2 \ears for those holding a B.Teeh. (Honours) 
and for 2 to 3 years for those holding a B.Tech. without Honours, 
On completion of the second stage and having obtained the degree of Master, 
graduates can proceed to a Ph.D. The doctoral course is 3 \ears long. Require- 
nienis for a Ph D. consist of preparing and defending a thesis, which should 
be a piece of major research occupving nearl\ 2 \ears. In fact, doctoral degrees 
should also be regarded as the lirst academic degrees when majoring is in a 
narrow specialized field in\ol\ing research and fundamentall\ new scientific 
results. 

The existing curricula of the Bomba\ Institute of Technolog\ (which arc 
'.inder revision at the present time) gi\e an idea of the engineer training pattern 
m India The coming changes will not lower the academic le\el of education. 

The institute's academic \ear is divided into semesters, each of 16 weeks. 
F\aminaiion sessions are held in the middle and at the end of each semester. 

I he curricula are organized on the following pattern, (a) general institute 
requirements uniform for all departments, to be completed within 21 sears 
(-^ semesters) (see Table 14): (b) specilic departmental programme for each 
deparinieni, to be completed o\cr another 21 \ears (5 semesters). 

'I he total number of academic hours (2,704) resersed for completion of the 
general insiiiuie requirements (the lirst stage of instruction) is made up as 
follows: lectures. M36 hours (42. 1 per cent): tutorial. 384 hours ( 14.2 percent); 
practical. IJ84 hours (43.7 percent). This academic time is allotted to various 
subiecis as shown in Table 15. 

If we arrange the academic hours according to groups of disciplines, we 
obtain the following figures: 

General science and general engineering disciplines. 2,240 hours, of which 

944 hours (42.1 per cent) lectures: 384 hours (17.2 per cent) tutorial, and 

912 hours (40.7 per cent) practical. 
Professional subjects" 224 hours, of which 32 hours (14.3 per cent) lectures; 

and 192 hours (85.7 per cent) practical. 
Humanities: 240 hours, of which 160 hours (66.7 per cent) lectures: and 

80 hours (33.3 per cent) tutorial. 



I'miIi 14 (icncral in>iiii:ie rcquiremcnis 



> C.U 

of 

vtllil'v 


ScmcMcr 




N(« of linur\ 


per «cck 






I cviiircv 


It3ton.il 




rot.ii 


I 


1 


14 


5 


15 


^A 


II 




14 


S 


15 


34 




14 




15 


34 


HI 


4 


14 


5 


15 


34 


5 


15 


4 


14 


^^ 
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Tabii 15. Breakdown of iicadenuc hours reserved for compleiion of general inslilulc 
rcquircnicnls 



,Siibj<x*l l.c«^turcs rutori.tl Praciicjl Total 



Mathematics 


288 


160 


96 


544 


Physics 


256 


80 


216 


552 


Chemistry 


192 


64 


192 


448 


Applied mechanics 


64 


32 


48 


144 


Strength of materials 


32 


16 


48 


96 


fluid mechanics 


32 


8 


24 


64 


Thermod) namics 


48 


16 


24 


88 


Hlecirical circuits 


32 


8 


24 


64 


Hconomics 


64 




32 


96 


Logics 


32 






32 


English 


64 




48 


112 


Mechanical draN^ing 






240 


240 


Shop technology 










(on-the-job training) 


32 




192 


224 


Total 


1,136 


384 


1,184 


2,704 



ImiruLiion ai the ;>CLond stage is go\erned b> the dcpannicnial programmes. 
The programmes of the Cliemtcal Engineering Deparimeni and the McLlianiLal 
Engineering Deparimeni. which are responsible for ihe iraming of chemical 
engmeers and niechanical engineers respecii\el>, are gi\en m Tables 16 and 19. 
Thus ihe loial o\er-all amount of lime a\ailable equals. 2,680 hours, of 
which 1.152 hours (42.8 per cent) lectures; 128 hours (4.9 per cent) tutorial; 
and 1.400 hours (52.3 per cent) practical. The lime distribution per subject 
is gi\en in Table 17. 

Homework was* introduced in the curricula to enable the student to apply 
hi> knowlCv'ce and skills to the solution of composite problems (such work 
often takes the form of completing a small design or a mechanical drawing). 
The eonieni of homework dilVers with the specialized lields of the departments, 
and in some cases may consist of carrying out experimental research on a 
hiniied scale. Some departtnents require their students to prepare a critique 
or to process experimental data as their home assignment. The consensus of 
opinion is that the student spends more time on home assignment than is 
siipulaied by the ^.urricula. This is bound to affect his progress in other discip- 



Tablf 16. Chcmii.al Lnginecnng Department Programme, total amount of time available 



Ycir 

of 

MMd> 


.S*'n»c\tcr 




No of hours 


per week 




1 cvturcs 


Tutorial 


rraciical 


Total 


III 


6 


15 


3.5 


16 


34 5 




7 


!4 


1.5 


18 5 


34 


iV 


8 


15 


3 


17 


35 




9 


14 




18 


32 


V 


10 


14 




18 


32 
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Tabu 17 Time distribution per subject 







Tulorjal 


Pras,ncal 




MathcniatCiS 


64 


16 


32 


1 12 


Mat hematics including 








machine computation 


48 


32 


32 




Principles of ehcniical 










engineering operation 


128 




120 


248 


Materials technology 


48 


16 


48 


! 12 


Chemical processes 


256 




280 


536 


Industrial stoichionietry 






64 


64 


Kquipmeni design and drawing 




48 


272 




Therniodynamies 


96 




96 


192 


□eeirical engineering 


32 


8 


24 


64 


Theory of niachincN and 










design of inaehine elements 


32 




24 


56 


industrial orgtinization 










including cost accounting 


32 






32 


Electronics 


32 


8 


24 


64 


Chemical engineering 








Economics 


32 






32 


Kinetics 


32 




32 


64 


Works visits 






32 


32 


Instrumentation and 










process control 


64 




64 


128 


Reactor design 


128 




128 


256 


Homework 






128 


128 


Eieelives 


128 






128 


Total 


1.152 


128 


1.400 


2,680 



lines and Ins aiicndancc ai ckis.scs. Some commcniaiors hold iliai ihc icnih 
scmcsicr should be cniirelv reserved for homework, others bcheve iliai 6 to 
8 months slioiild be allotted to ii. 

The loial number of academic hours (2,704 -h 2,680 = 5,384 hours) for the 
full 5-vear course is broken down as follows. lectures, 1. 1 36 + 1.152 = 2,288 
hours (42.4 percent): tutorial 384 + 128 = 512 hours (9.5 per cent), practical, 
IJS4 -h 1,400 = 2,584 hours (48.1 per cent). Upon completion of the pro- 
grammes of the liiird and fourth years of study. 6 weeks of on-the-job training 
IS provided The aim is to acquaint siudenis with actual industrial condiiions 
(mechanical drawing, design, production, and coun.selling). It is believed at 
(he institute that this is too short a period to enable students to acquire skills 
and develop a capacity for mechanical drawing. Cmpliasis is laid on problems 
involved in industrial organization. 

On-the-job training equals: 

S,r = 6 weeks 2 training periods 5 days S hours = 480 Iiours 
Tune distribution according to groups of subjects is given in Table 18. 
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Vauu 18. Time distribution according to groups of subjects (in hours) 



SubjtM Lc-.turcN Tulorial Pr.tctKal Total 



OeMRAL SCltN( ^ AND C.IMRAL INOlNlfRlNCi DISCU'LINrS 



Gcmral institute lajum'/naits 



Mathematics 


288 


160 


96 


544 


Ph\sics 


256 


80 


216 


552 


Chemistry 


192 


64 


192 


448 


Applied mechanics 


64 


32 


48 


144 


Strength of materials 


32 


16 


48 


96 


Fluid mechanics 


32 


8 


24 


64 


The r ni ody n a m I cs 


48 


16 


24 


88 


LIcctricai circuits 




8 




64 


ToiAi 


All 

v44 


384 


672 


2,000 


Departmental pro^roninic 










Mathematics 


64 


16 


32 


112 


Applied mathematics 










and machine computation 


48 


32 


32 


112 


Fundamentals of engineering 










chemistry 


128 


— 


120 


248 


Thermodynamics 


96 




96 


192 


Electrical engineering 


32 


8 


24 


64 


Theory of machine and 










design of machine elements 


32 




24 


56 


Fleet ronics 


32 


8 


24 


(/ 


Kinetics 


32 




3: 


64 


TOIAL 


46.* 


64 


384 


912 


Gram) ioial 


1.408 


448 


1,056 


2.912 


I'ROIKSSIOSAL SLIUH TS 










T(>I\L 


688 


64 


1 ,320 


2.072 


Ml MANlIIIS 










FcDnomics 


64 




32 


96 


Logics 


32 






32 


Eniilish 


64 




48 


112 


To I At 


160 




80 


240 



PRtrA RATION 

TofAL 128 



WORKS \isirs 

T()!AI. 



32 



An.iKsis ot ihc ciiMKUl.i oi inMitiuioiis of higher Ic.irnini: 



HcriLC Ihc loial number of acadcnik hours allotted to all t\pcb of aLadcmiL 
a«.livit\ equals 5.384 hours, of which. 2.912 hours (54 2 per eeiit) general 
sLienec and general engineering diseiplines. 2.072 hours (38.4 per eent) profes- 
sional subjects. 240 houis (4 4 per eent) humanities. 128 iiours (2.4 per cent) 
home (diploma) paper (thesis), and 32 hours (0.6 per eenl) works sisits. In 
addition, factory training is provided for 480 hours. 

These figures prose that emphasis is laid on the stud\ of general science 
and general engineering disciplines. 

It IN pointed out in the Preface to the Collection of the Curricula of the 
Indian Institute of Tcchnologv iBombav)' that the content of the curricuLi 
and s\llabuses is aimed at Ia\mg a solid theoretical foundation m the field 
of the sciences and the engineering disciplines. 

The stud) of the engineering disciplines designed to enable students to 
reali/e the basic problems of engineering in d generali/ed form instead of 
accumulating fragmentar\ knowledge or partial methods. 

Professional subjects come up for studv in the last 21 sears and include 
ihcors. design and training in line ssith the specialized field chosen. The 
programme at this stage pros ides for laborator> expcnmentation. industrial 
training, home preparation, seminars, svorks sisits. etc. 

In order to find an integral Lritcrion that ssould determine the academic 
lesel of education <ittaincd bv graduates assarded a B.Tech <U the Indian 
Institute of Technologs. Boniba>. sve shall calculate the parameters of the 
individual types of academic actisity: 

General science education: 



^\ 2.912 
^• = X= 5 384 



Professional trainini: 



K^- r*!!T- = 0 3.S4. (2) 



Huiiianilies education: 



5.384 



,V, 240 



Diploma project 



On-the-job training: 



5, - 1384 



K^- o' = =()-('24. (4) 



S, 5.384 



1 S\IIalm> iff tin ^'inn /niiji^tain/ ( om w /,>t tin Dij^ra ot !hnlu'Un of h'ilwolo)!\ , Honihay. 
Indian In>titutc of fcchnulogv. IXxcinhci 1966. Rcpint i>( the Mnatc Comnnttiv t(f Kenvn 
t/u' imlvtarailiuiti Proi:tanmh\ t^)mbav. Indian histmuc of 1*cLlinolog> . 1971. 
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Laboratorv work:* 



Preparation:' 



^- ™ 0.138. ,7) 



S, 5,384 
Technical aids and facilities employed in tuition:" 

S, 



„ = 0.50. (8) 



Academic stall': 



= = 0,50. (9) 
K lb derived from formula (10) page 40 and Table 3 as follows: 

1 = 9 

^ = I = 10 X 0.542 + 8 X 0386 + 4 x 0.045 + 10 x 0.024 + 

+ 6 X 0.096 + 8 X 0.314 + 10 x 0.138 + 6 x 0.50 + 
+ 10 + 0.50 = 21,362 
21.4 

If account is taken of the Master's degree course, the numerical value of this 
criterion can go up to something like Kj^ ;^ 31. 

It is cxtremelv difiicult to compare the content of subjects offered at the 
Bomba> Institute with those studied at the Moscow Institute and the Universit> 
of Salford. since the Bomba> Institute curricula fail to use conventional 
terniinolog> and are extreniel> brief. In some cases it is next to impossible 
even to identify fields of learning. 

TAHLfc 19. Mechanical Engineering Department Programme 



Year 
of 

Mud> 


Semester 




Hours 


per week 




Lectures 


1 utoria! 


IV.Kticaf 


Total 


III 


6 


14 


2.5 


13.5 


30 


IV 


7 


15 


4.0 


15.5 


34.5 




8 


14 


4.0 


155 


33.5 


V 


9 


15 




16.5 


31.5 




10 


14 




16.5 


30.5 



!. The over-all timounl of practical (laborator>) training and mdependcnt preparation is 
tentative!) difTcrcntiatcd by rcfcrenLe to the condensed syllabuses of the institute. 

Z. Technical facilities emplo>ed in tuition have been considered in terms of those at higher 
educational establishments of the U.S.S.R. 
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For example, course CniZ-3250 -Industnal Stoicliionictry' planned for 32 
academic hours is delincd as: Posvcr and material balance ni t>p:cal processes 
and operations' •Stoicliionietry\ houever. as a particular course, does not 
form part of the programmes at any of the higher educational establishments 
considered in this paper. 

CourseCHE-321Principlesof Chemical EngineenngOperations' is defined as: 

The hqutd systen.. properties, etrect of compression and shear-cquution of conti- 
nuity, cnerg> and momentum, flow of liquids in pipes, Lhanncls, patched and fiuidi/ed 
beds. 

Flow past immersed bodies, storage, transport, pumps. The g.;seous system: 
pressure and vacuum, flow of gases through pipes and patched beds, storage and 
transport. Non-Ncwtoman and two-phase flow. 

This latter course is one of Fluid Mechanics'. In the case of the SoMct higher 
educational institutions these topics are included in the course entitled Processes 
and Apparatus of Chemical Engineering*. 



TAHib 20. Tunc distribution as per !>ubjcet>> 







rtitonal 




Tola! 


Maihci'Mtics 


32 


16 




48 


Mathcinatics including 








machine computation 


48 


16 


24 


88 


Klecincal engineering 


96 


24 


72 . 


192 


Thei)ry of machines 








and mechanisms 


96 


8 


72 


176 


Thermodynamics 








and combustion 


32 




24 


64 


Machine design and drawing 


32 




96 


128 


Work.sUop technology 


32 




24 


56 


Engineering roeialllirgy 


32 




24 


56 


Heal power engineering 


64 


16 


48 


128 


Strength of materials 


64 


32 


24 


120 


Piinciples of engineering 








production 


192 




192 


384 


Fluid mechanics 


96 




72 


168 


M,ic!iine design 


64 


32 


144 


240 


Heat transfer 


32 


16 


24 


72 


Refrigeration, air condilionmg 


64 




48 


112 


Instrumentation and 








process control 


64 




48 


112 


Industrial organization, 










cost accounting 


32 






32 


i:lecUves 


64 




48 


112 


Visits, seminar 






128 


128 


Report writing 


16 






16 


Home paper (project) 






128 


128 


TOIAL 


U52 


168 


1,240 


2,560 
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hoi ihc Mtxli.imcal Liiuniccmig DcpjrUiiciU Piogratniiic ihe lolal tuiiiihci of 
academic hours (2.560) l> Ui\uic\l as lollows Icclurcs, 1,152 hours (45 percent); 
lulorial, KkS hours (6 6 pel cent), arui practical, 1,240 hours (48 4 per cent) 
See Tables and 20. 

IVoposais foi changes in the curricula are under discussion at the present 
tune An aeadeniic \ear would consist of 2 semesters, 15 weeks of 5 workinu 
da\s each, prosidiiig for uninterrupted studies (Icetures, tutorial,, practical). 
The sixteenth week ^.ould he reserved for preparation, and the seventeenth, 
for actual evanunations crowning the semester The number of lectures and 
the amount of practical tiaimng would be cut down On-the-job training 
would take place during the thud and fourth vears of stud> within a shorter 
period of 4 weeks. 

The over-all amount of teaching time allotted to theoretical studies during 
the course, and the ti)tal number of hours per week according to stud> >ears, 
semesters and t\pes of academic activit> under the draft curriculum,' are as 
shown ni Table 21 These ligures show thai the total number of hours (4,507.5) 
in a semester (the lenglh of a semester equals 15 weeks) allotted to theoretical 
studies IS as follows 1 ,950 hours (43 3 per cent) lectures. 495 hours ( 1 1 percent) 
luli)rial, and 2.062 5 (45.7 pei cent) practical. Comparison of these figures with 
the relatpc parameters of the cMsting curricula is uisen in Table 22 The 

Wim 21 Number of \univ> pci week aeLording lo nUkIv >cars, scmoslcrs and tvpcs of 
academic actisrt) 



Year 
of 

studv 






Nil of hours 


per v\iC^ 




St..i'Cslcr 




I uk>ri.il 


!*r.utu.il 


I ()i.ii 


I 


1 


10 


4 


14 


28 




2 


12 


4 




27 


M 


Jt, 


12 


5 


10.5 


27 5 


4 


12 


5 


10 5 


27 5 


MI 


5 


14 


5 


125 


31.5 




6 


14 


4 


i5 


33 


IV 


7 


14 


3 


14 


31 




8 


14 




14 


31 


V 


9 


14 




18 


32 




10 


14 




18 


32 



Tabu 22 C\Miipanson of draft proposaK svith c\rsting curricula 



No ol liours rcscr\ta for tlicorclK.il sIijOics jn currnuLi 
|>pis .K.ulirniv .KiiMiv 



E)r.jft 



All tvpcs Ol academic .icli\K\ 5,384 (100 pci cent) 4,507 5 (84 per cent) 

I eculrcs 2.288 (100 per cenO 1.950 (85 percent) 

-n,uiru«l 512 (100 per tent) 495 (% 5 per cent) 

PracUcai 2.584 (100 per cent) 2,602 5 (80 per eenl) 



I Reptnt ot the Sctuitc ( oninmuc to Kcmcm i.nihi!taduiitc Ptoi:ianwh\ op cil., p. ?8. 
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comparison shows ihal Ihc draft cuincuLi Ilmu! lo reduce sul\slanlia(l\ llie 
tola! minihci of hours allotted to theoretical studies and parttcularlv to practical 
NNork and lectures This trend i> also e\. lent from an anal>sisof the distiihution 
of the total number of hours accoulini: to indisidual izroups of dtsciplines and 
l\pe!> of academic acti\it> in the draft curriculum Hable 23). 

It will be seen that the draft curriculum aims at a substantial curtailment 
(^f the academic hours earmarked for mathematics (from 544 to 300, includum 
a reduction from 288 hours of lectures to 150). chemistry (from 448 to 33o! 
including a reduction from 192 hours of lectures to 150, and a reduction from 
192 hours of laboratory and practical classes to 135), etc. 

I he intention is also to set aside a large amount of time in the (ifth year 
(preferably in the afternoon) for thesis work (home paper), so that students 
will not di\ ide their attention between this activity and the studv of prouramme 
subjects 

Should the draft curriculum take efVect, the academic standard of training 
at the Bachelor's degree level will be niainiamed. 



Tvmi 2} Hie tirafi curriculum gonoral insiiuiio loquiicmonis, 21 >oarN, and ihe Chemical 
Lnginccring Doparimonial Piogrammo, 2{ yc.m 



(/I'fU'tal sdvniv anil licmriil vn^tiiccnnii thsitphnes 
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Apphed ma I ho malic s 
M ac h I nc c I) m p u 1 .1 1 K) n 
Mcch,tnical drasving 

TolAI 

Pmfcwttuui! snhjvits 
Ocpaitmcnuil suhjccis 

IJcctlNON 

Non-clcpannicnia! 
Workshop 

To I VI 

Humanitu's 
EcononiKs 

l-cononiKs aiul cihics 

Logics 

Inglisli 

W ) I VI 

fitinic papn (piojccU 
(iK v\i> ioi M 



150 
240 
150 
fiO 
60 

660 



150 
75 
45 
30 



300 



202 5 
135 

45 

60 
225 

667.5 



300 
517.5 
330 
135 
120 
225 
1 ,627 5 



660 


90 


705 


1 ,455 


360 


75 


225 


660 


120 


30 


90 


240 






45 


45 


IJ40 


195 


1 .065 


2,400 


30 






30 


30 




30 


60 


30 




60 


30 


60 




60 


120 


150 




90 


240 






240 


240 


r950 


495 


2.062. S 


4.507 
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Higher educational establishments of France 

SLhooMca\crb holding the Bamihiiin'al arc not ininicdiatcl> chgibic for 
nulitution^ uf highci learning, and must go through an extra period of training 
at preparator\ departments set up in certain lyccex for I to 3 years. 

Studies at the ^^raiulcs cloIlw are centred round the fundamental (general 
science and general engineering) disciplines, training of researchers being the 
main objectue. Institutions of higher learning, such as the Ecole Ccntrale des 
Arts et Manufactures, Chatena>-Malabr> , train engineers chiefly for industry 
(technologists and designers) and managerial personnel, the main objectives 
of training being, (a) to enable students to form a scientific IVt lnviM luwiin^; 

(b) to establish condition^* foi students to learn the fundamental engineering 
problems related to the branch of technolog> in which they specialize; and 

(c) to train prospective engineers for independent work. 

In pursuance of this goal, instruction at the higher technical schools is of 
a high theoretical level and is based on methods of research to some extent 
at the expense of descriptive disciplines. 

Tiic higher educational establishments provide conditions for students to 
master methods of experimental research and to work on real problems and 
complex phvsical phenomena. All this goes a long wa> towards developing 
engineering intuition and resourcefulness. 

7 lie humanities, which help to reveal the urgent problems of modern society 
and equip specialists with the understanding needed when working with other 
people, p!a> an important part in the technical education ollered b> institutions 
of higher learning m France. 

All these objectives can be attained provided the facult> keeps in close 
contact with students and, at the same time, with industry and its latest 
developments. 

Students are allotted time for independent work, which enables them to 
prepare reports, think over major scientific and technological problems, study 
scientific literature, and devise projects. 

The curricula of institutions of higher learning provide, as a rule, for 3 stages 
of instruction m France at the present time, e.g. there are 3 stages in each 
major studv area (ph>sics and mathematics,> physical chemistry, and bio- 
geulogv) at the Natural and Exact Sciences Department of the University 
of Toulouse 

Upon completion tf the first stage of 2 >ears, students take an examination 
I'oi the universit> diploma in the field of natural and exact sciences (Diplome 
iiuicr\iuiire ihw Liiu/iw Saeniijuiues DUES). A commission analyses the 
atiainnients of those students who complete the first stage programme and 
plans their further fields of learning, with due regard to their capacities. 

The second stage (including examinations) also lasts for 2 years and leads 
to the degrees of Licence and Mainise. 

The degree of Maitnse I'equiies the student to pas \minations for 4 cer- 
tificates - Certificats C, and C2 in the first year of s . and C3 and C4 in 
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ihc second 'I lie cxanimalions arc lakcn un coiiiplclion of ihc rclcsaiii ihcorclical 
slikiics accompanied h\ laboraloi\ practice and course (research) work. 

Ilu>se pasMng ihe exaniinalions for ihe deuree of Lhrmc in llie lirsi or 
scc(Mid year of llie second stage nia> he exempted from one of the certilicates 
required for the dciiree of \/(iitiisi\ and obtain the degree with onlv 3 certilicates. 

The third stage (2 more \ears) is reserved for those proceeding to a variety 
of doctoral degrees- Doctoral Jy Spec ialuc Jc r c w /c (I)S). Docteur en Sciences 
Techniques, and Dociorai (ll'jai. 

Candidates for the degree of Dociorai dc Spvcialiie de ,V c ule must master 
a narrow speciah/ed Held of learning, and, as a prerequisite, obtain the Dip/dme 
il riUih"^ tppro/ondu s (DLA) awarded after the first \ear of study at the third 
stage upon passing written and oral examinations in the major held of learning, 
\ report setting out the research work completed during the >ear is discussed 
in the course of an inters lew and a thesis is presented and defended. 

These requirements are sunicientl> high for the completion of higher educa- 
tion and transfer to a research career leading to academic degrees. 

\s in other countries, the training of engineering personnel in Fiance is 
also arranged through e\emng classes. Training of this t>pe is olVered, for 
example, b\ the Conservatoire National des Arts et Metiers This institution 
has near!) 50 branches throughout the LOuntr> and oilers facilities to those 
in active emplj>nient who have a compleie secondar> education and wish to 
raise their qualilieaiions and improve their scientific, technical and economic 
knowledge m olV-work hours. 

To maintain a high level of instruction, all those registered at the Conser- 
vatoire National des Arts et Metiers are requiied to complete a preparatory 
course UmIc prcparaioire) foi I to 2 vears, during which time the> are taught 
elenieniarv mathematics and elementary physics. 

[ urlhcr instruction, following the pattern of the full-time studies, falls into 
3 stages. 

Stage \y lasts for 3 to 4 vears. Students must complete 7 courses and 
receive 7 passes at this stage. Those receiving a pass for an extra (eighth) 
course are entitled to the Universit> Technological Diploma (DipIome Unh 
wiMiaiic lie Icilinoloinc DUT) or the Teclinolomcal Diploma of the Conser- 
vatoire National des Arts el Metiers (DT du L^'^M), depending on the 
subject for which the extra pass was awarded. 

The second stage (stage *B") lasts for 2 to 3 years and consists of 5 courses 
for which students are required to receive passes Those who obtain an extra 
Mxih) pass are awarded the Diploma of Higher Technical (Cconomic) Courses 
iPtplomc d'ljudcs Supi'ncurcs Tcilmiques ou Liononuqucs DEST or DESL). 

The third stage {stage *C*), which lasts for I to 2 >ears, involves an examin- 
ation in a technical (or economic ) discipline and completion of a diploma paper. 
Successful conipletion of the study programme of this stage leads to the Diplome 
il'lniicnieur >r dlAoiiomisfe) du CiVAM. 

L\ich course is, as a rule, of an integiatcd type. 40 academic hours of lectures 
(including some broadcast bv television) accompanied by seminars and in- 
dependent preparation. The over-all volume of seminar work and independent 
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prcpaiauon ranucs from SO to 120 hours \ uood rcpou on ilie 4()-hour 
proiir*imnic cniillcs [\k sUkIcih lo a pass, ami on ihe 2()-lu)ur programme, 
lo a 'lia!f-pass\ 

PracliCiil ir»iimiiii consists of makmg c\pciimcnis and liikmiz nicasurcnicnls 
al laboraiuiics. arui presenlinu reports on melliods of appl>mL: ihe knowledge 
>o ohUimed Classes of lliis l\pe iire organized ui c>cles of *ipproximalely 
20 aciidemic hours, e*ich cLiss Listing for a!i iiNer^ige of 3 hours I ullihnenl of 
all assignments in these practical classes entitles the student to a pass for the 
20-liour programme and ^ 'half-pass' for the 10-hour piogrammc. 

With a Mew to expediting the training of speci*ilists iiwarded the Diplomc 
J'lni^ifiuuf lor d' l.nmoniLstc) du CSAM, students who excel ni theoretical 
studies and priiciiCiil training CiUi he enrolled in k\ full-time department for a 
l-\ear course. Iliose registeied at the full-time department lease their jobs in 
uidusliN for the scMr of stud\. The following rc\|uirc>ments must he met hv a 
c*uididaie for registration as a full-time student, (a) a 3-\ear uninierrupted 
lecoid of service in indusirv in the specialized Held selected at CNAM, (h) the 
status of a student of CNAM or of one of Us branches, for at least 2 \ears, 
(C) possession of a Diplomc (tc 'Ici^hnolo^^ic du CNAM. 

A new procedure Tor obtaining the third-stage diploma was introduced as 
from the 1970 71 aeadeniic \eur, as follows. 

A candidate for the diploma is re(.|uired to pass *i general examination 
consisting of 2 practical tests and 1 oral test, complete independent research 
work of a iheoreliCiil or laboralors experimental character, and defend it as 
a diploma paper. 

The Diffloffic dlni(i fitiHf du Cufiscnutiun' Sutionul dcs Arts ct Miticfs and 
the Diplonw d' Ifii^cntcur d'Ltat do not come m the same categorv. 

riie DiplouiL dlni^i'nu'ur d' Ltut ma\ be claimed b> citizens of the I rcnch 
Republic of not less than 30\ears of age, hasinga service record with industry 
of at IcMst 5 \e*irs, including 2 >ears in posts requiiing the general theoretical 
and technological knowledge of an engineer 

Ihe Diplonu d'lniiinuiu du CSAM can onl\ be awarded to candidates who 
meet the specilied prerequisites and requirements. No one mav take an examin- 
aUon for the Diplotm dlni(uin uf without a service record in indastr> , eSiiluated 
b\ the professor in charge in terms of length and sigmlicance. 

Lach candid*ite for the diploma is required to obt*un the consent of the 
professor in charge to contribute to the solution of the problems entrusted lo 
the professor's laborator> or design ofhce In compliance with this procedure, 
the candidate submits to the professor a synopsis of his work not later than 
6 months 111 advance of the general c\*imin*ition. !f the ^andid*ite possesses 
the required pr*iciic*il and theoretical background to eiuible liini to discluirge 
the duties of an engineer, the professor assigns him work for which he is 
responsible. 

In his testimonial, the professor in charge is expected to analyse the candi- 
date's proposed work, its originality and its significance for science and 
induslrv. The professor also indicates the cai:didiite\ iridustruil experience 
and administrative abilitv. On the b-^s ol the.e r po^-ts, th.. CNAM director 
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.uilhoi./cs ilic Laiuiid.ilc lo lake ihc iicncMl c\aminanon (praLliLal and oial 
tests) and coniplelc a diploma papci 

I he duialioii of ilie practical tests should not exceed S hours. The tests 
ma\ include a pioieLt oi cakulation of the details uf design. stWution of 
one or more problems, an anu!\tiLal laborator\ assignment, a mutual ana!\sts 
of doLimienlalion. a report on a teLl;n:cal assignnicni I wo topics fiom the 
list of tes!> should fall wilhin the candidate's professional lield. 

One of the assignments should Hl ompamed b\ a NMitten Lomposition 
to show the candidatc\ abilitv to "^press his ideas and thoughts in tCLhiiKal 
language In addition, the professoi gi\ *s the Laiididate an oral test Lomprisnig 
a brief leport b\ the tandidate on a spcLiliL topiL selected b\ the Lomniission. 
followed bv a broad di.scussion of the topic 

IVrfornuuue is assessed on a 12-point scale, with LoeHiLieiils .S and } for 
pMctieal and oral tests respectnely 

The windidate is allowed to defend a diploma paper onl\ if the integral 
mark obtained with due legaid lo the Loellkients. monies to at least % points, 
with 6 points being the lowest possible mark for each mduidual tost. 

The final decision concerning the paper is taken b\ a Lommissuai j.iesided 
oser h^v the pr >fessor in Lharge The Laiididate must make an oral piesentation 
of this paper and the LommisMon of experts pronouiKes on its merits. 

If sucLessfiil. the candidate is awarded the Diplottw irinx^inwur Ju C\\A\f 
stalling the speciali/ed lield of learning. 

Ho! lers of ihe Ihplomc J'/n\:i'nu'nt Ju C\AM ma\ puKeed to the Ihp/omc 
Ji Clh'uluitt or hiplonw Jl Ihu icut-Ini^aitcuf Those obtaining a diploma 
of this kind are entitled to do acadeniiL work at higher eduLationa! estab- 
lishments speciali/ing in tech meal fields of learning, 

II follows from the above that the duration * studies fi)r the Ihplonw 
il'lniiinaut Ju C\ t \I ollered b\ this extieineK satuable s>siem of evening 
classes at the C'onserNatoiie National des Arts et Meir:rs ranges from 6 to 

I I \ears 

Those proceeding to the Diplottw i/' /th^ctiu'iu t/'Liai must meet another 
reijuiremcnt. namelv. eniplovment m industrv for a spcLilied length of time, 
so that all in all it ma\ take a candidate as long as 8 to 13 \ears to obtain 
this diploma Despite the rather length) louisc of studies under this s\stem, 
the eduLalion olVered is nai rower and of a lower le\el as Lompaied with that 
proNideU b> the ni^rnial da\-timc pattern at the institutions of highei learning 

III I ranee. None the less. C'NAM graduates' praLtiLal skills seem to be nuiLh 
belter than in the case of those who lia\e Loriipleted their education on the 
full-time pattern. 

\ more detailed aiialvsis of the LurriLula (full-time com ,e) of the Instiliit 
National dcs Sciences .\pplujiiees. Lvons (INSA). is gj\en below 

i\si 1 1 1 I SA iios \i 1)1 s sen s( I s A iMMiol r I s 

Studies Ai the institute under the full-time programme ollUP) 5 academic 
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Tablf 24. Firbt stage programme (2 academic years) 





Tola! no. 

til llMMl> 


Laboratory 


Subj<xt 


Totjl no. 
of ht>urs 


Luborator) 




645 




Preparation for 






Mechanics 


105 




UII*'lllv'JUU liktllllllg 


1 u 




Pliysics 


540 


180 


Total 


196 





Chemistry 


270 


90 










I /ench 


60 




Total 


1.560 


270 


Foreign languages 


120 










Total 


180 




Mechanical drawmg 


60 




Physical training 






Mechanical drawing 










and technology 


60 




and sports 


120 




Shop technolo,4y 


60 




Grand total 


2.056 


270 



yeafb and consist of 3 stages. For the first stage, the length of studies is 2 >ears. 

In the first stage (see Table 24), considered as basic for all fields of stud^, 
studciitb learn gencr*il science subjects, certain subjects of the general engineering 
group, and some of the humanities. 

Classes in mathematics in the first >ear of stud> (at the rate of 1 1 15 academic 
hours a week) are conducted b> television. The mathematics ^yllabus inclu- 
des only differential and integral calculus, algebra, anal>!ical and difTerential 
geometry. 

The courses in physics, chemistry and mechanics are not eMensive. 
Table 25. Second-stage curriculum for the section ^Chimie Industrielle^ 



No of hours for 2 )cars of siud) 



Subjc^.t 


Lo-turcs 
and NCinmars 


I aboraiory 


rota I 


Mathematics 


30 




30 


Non'Organic chemistry 


90 


240 


330 


Analytical chemistry 


45 




45 


Organic chemistry 


120 


270 


390 


Chemical kinetics 


60 


-♦5 


lOS 


Structural physical chemistry 


120 


90 


210 


Electrochemistry 


60 




60 


Thermodynamics 


90 


90 


180 


Chemical technology 


90 




90 


Instrumental methods of analysis 


30 




30 


Crystallography 


30 


30 


60 


Electronics 


60 


60 


120 


Stats:;tics 


30 




30 


Humanities 


80 


160 


2^0 


Total 


935 


985 


1.920 



82 



AailvMs of ihc Liirricul.i o! msiiniuons of hiiihcr Icarnmi- 



MoNNcNcr. iho loial numhcr of hours s[ipuLucd h\ ilic curriciiliini for ihc 
Miid\ of niaihoniaiics. plivsics ;ind chciiisMr) is rca.sonably liiiih. 

Sucvcssful coniplciion of ihc lirsi si.igc cih'hIcs ilic student [o iio on to the 
second, in v.hich students .ire registered for specilic fields of concentration. 

I he second-stage curricuhini of the Department of Chemical and Mech;»nical 
I-nuineerinii is given in Table 25. 

Upon completion of the .second stage, students are required, as a rule, to 
NNork for a prohationarv period in industrial enterprises, rcsponsibiliiv for the 
necessar) arrangements restsng ssith the Scfvice dc Liaison Etudianls-hni re- 
prises set up h\ the Comite dc Bienfaisance dcs Ecoles et des Universites de 
Pans The term of pro,bation is c\trcniel> brief (4 to (^ nnccKs) but mav be 
extended at the expense of the students' vacations. Under these conditions, 
proha'ion cannot be regarded as an integral component of instruction, closely 
relaied to the content of Jheoretical schooling. As a result, INSA graduates 
have, as a lule, no industrial experience of an\ significance nor anv direct 
knowledge of indu.strv. 

The Ihird stage of instruction, lasting I vear, is reserved for the subjects 
given in Table 26. 

Independent preparation is siipulaled at the rate of 10 hours a week all 
through the 5 >ears of study, to c. hie students to fulfil assiijnnients and 
work at studv material. 

The total number of hours allotted to conipuisorv classes and independent 
preparation for the 5 v jars of studv therefore amounts to: ,S\ = 2,056 + I 9^0 

960 = 4,936 hours, of which 270 -f 985 4- ,nS5 = 1,840 hours'laboratorv 
work: and 30 weeks 5 years of studv 10 hours = 1,500 liours 

preparation. 

After the I%S change-over to a fi\c-vcar coarse of Mudv, basic study areas 
were established in the [raining of mechanical engineers, and it was decided 



Will I 26 Thiril-sUis;c cnrriculiiin 
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I V*. Hires 



I.'uli.'s'ri.:! thcinrstry 

Opcraiions analvsis .uul opliniiAUion M) 
Auioinaltcs aiui ciMiirol ^0 



I ihor.ii)irv lot.il 
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M) 

An;il> iicji chcoiisirv Pq j'-J^j 
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HHmanilics ^0 ,^,5 
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111 {uriiaiLir (h,i( spcLialisis in dcMLin. Li>iis(ruaii>iK and ihc icchnolosi) of 
LiMiNiriKik'n i»f nuuhinc-UH)ls should be iraincd \Mihin ihc framework of ihe 
Seeiioii Alecanique Appliquee* (GM,). 

I he hulk of Liraduaie^ speLialt/ins: in applied ineLlunies will he iioins: lo 
rc^carLli insuuuions fi>r permaneni* eiuplo) meni and u was therefore deemed 
cioirable thai lueLhanKal eiisiinecrs speLiali/ins: in * pplied meLhanie.s should 
meet the follow mt: rec|uiiemcn(s: 

\U\ Nhuuld pi>sscss A suHiLienil) hroad iieneral .seieniiire edueaiion and base 

M>nje sdca of how lo rcali/e in nauirc designs of indiLsirial LOinplexe.s in\o|\ini! 

larsie-Ncale use of nuichiner\. 

slu»uki ha\e a uvhrnLal edueaiion, suHieienilN eompael and praeueaK 

u» enable ihem (o ercaie iIk planned \\.siem of meLhani.sn.s and bring i( 

lo perfeeiion. dealing wiih all dillieuliies eneouniercd. 
-\ >ci of siibjeLis was seleeied and iheir \olume decided upon, lo Lusure lhal 
nieJiankal engineers were irained lo Lompl\ wiih ihe alxne reiiuiremenus 
(see Table 21). 

Taking rnio aeeouni ihe l.rsi siage of siud\. ihe disiribuiion of ihe lOlal 
nuaibcr of hours (4.456) among ihe \arious i\pe of aeademic acii\UN will 
be as follows 

loial number of hours alloiied lo ihe programme 4.456 hou of whreh 
630 hours (or 14 I per et.ni) laboralor\ work: and 4S() hours (or ir.8 
per ecni) proieeis. 

Disirihuiuui of aLadeniiL lime per groups of diseiplmes: general seienee and 
general engineering. 2.415 hi>urs (54.2 per eeiiu; professional K53I hours 
(34 3 per eeni): and hunianiiies. 510 hours (IL5 per eeni). 



I NMii 2" (. iiriKuUim for Ihc s^.\ni>ir\Kv.uui|UL Xpplu^act (slxoikI and iliinl Mago 3>cars 



I. -Ml \.- 

t>l )MMir\ 



Cicncr.il principles o\' incthaiiiCN Uo 

I uiulair.ciUaN of kiiicjn.UKN 30 

ONullalious 75 

I liml mocha nics 60 

riicnnoihnanuLs ^0 
I 1clUk.iI cnginccrini; 

am! cIcLironus 60 
KaicniaiK'N aiui ilxnaniKS 

of Ml ichincs 45 

roiAi 's^ 



I uhric.iiUs 

Vlct.jlluri:> aiul nictaK 
•\u(oni.i(ics 

Tc^hnologN of priKCNNini; 

.iiul proiUicUoii 
Ilxdraiilic .iiul i;.'*' n aciiiiiCN 
DcMgnini; 
i ahor,itor\ woik 
Principles of '.•auiladon 
I'ol'.i 

Ilw llUUhUlUlCS 

C)ri:ani/a(ion 

CIr/WI) ioim 



l..i.ir N.» 

<«r ht•ur^ 



m 

75 

165 
120 
4K0 
360 

15 

1 .335 



210 
2.400 
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The Lorrcsponding distribution laid down b\ the l irriLuIiiiii of the Ecolc 
Ccnirjlcdcs \ris ct Nhniu^icturcs *it ChjtciKi\-MiiKihr. is a.s follo\\j>. eciicra^ 
science and iieiieral engineering. 49 per cent, professional. 3i per cent, and 
hiinianmes. including economic subjects. 20 per cent. 

It follows from tlie above that the correlation between the general science, 
general engineering and professional disciplines is roughl\ the same as stipulated 
in the INS \ curriculum. ThedillerenLe appearing ni the humanities programmes 
can he explained b\ the fact that some econoniiL subjects (industrial organ- 
ization and management) are cla-.sed among the professional disciplines in 
one case and the humanities in the other. 

\n anal) Sis of the curricula of some other higher teLhniL/.i schools in France 
shows that there is no dilTerence in principle concerning the appropriate 
pattern for engineer training. At the general meeting of the section Mccaniquc 
\pplKjuce' which «i.ok place on 10 Ma\ l^ri. Ni. Bon\alet. Director-General 
of l\S\. said that graduates from institutions of higher learning pro\iding 
a 5-\ear course could obtain .in additional or permanent education at special- 
ized schools in France or abroad for example, at the Massachusetts Institute 
of Technolog) . ' 

This signilies that i\S.\ does not pro\ide for a complete engineering 
education. 

In broader terms, engineering education can F-e di\ided into 2 stages: 
I irsi stage- theoretical stud) for 5 \ears followed b> probation in industr\ 
as a prerc\|uisite for taking an examination and completing a paper for the 
Ihplonw d ln^iatiatr of the insiiuition of hig' :r learning concerned. 
Second stage: stiid\ for I to 2 \ears for the Doctorat tht .>'" cycle. 
It can be presumed then that studies for the degree of Dtnionit Jit V <i</t' 
consiiime the (inal stage of engineering education. 

\nal\sis of the curriLula pr >mpts the conclusion that the degree of tngineer 
awarded h\ the Mas.sachusetts Jiistitute of 7'ech >logv is comparable to that 
of Ditih'tM Jit .1' iXilc awarded b\ the higher educational establish::i^ ts 



i Opthw (nftu \fmtnnim (/\fi. /'/i*;r«/ il'u/w S ition d ^'n^vnu'urs \Iiniiu:tcn\ {h'snjiwc 
/Vi»iiw«/r<//;(/i/ pill (t\fi if l.tahln pur la C omimsstttmtis I rof*rommcs </<' / Actuvlk Sectum 
Mcumniuc ippln/tu'c. p. lo 17 
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Industrial training 
for engineering degrees 



The procedures for obtaining the qualification or degree of Engineer {Diplome 
d'Jngtnicur) tebtifv to the pre\ailing \ic\\ In dl countrieb that training of 
engineers without on-the-job practice is inconcei\able. E\en though higher 
schools are not in a position to arrange planned factor\ training for under- 
graduates while thev are engaged in theoreucal stud> . such training is considered 
essential for graduates on completion of their theoretical schooling. Onlv if 
thev go through industrial training can thev be allowed to take the final 
examination and complete and defend a diploma paper (project; for the degree 
(tit!e or qualification) of Engineer. 

It would seem that the effect of factorv training conducted upon completion 
of the theoretical course is reduced in as far as i; is hardlv possible to arrange 
it under a specific programme taking account of the general orientation in 
the formation of a \ersatile engineer, erudite not onl\ in theoretical bu: also 
large-scale practical malters. 

!n the case of the higher educational establishments of the U,S,S.R,, 
compulsorv introductory training is stipulated for first->ear students upon 
completion of the theoretical course and the subsequent examination, in 
addition to stud> of the technology of industrial production processes, which 
takes place at industrial-tvpe workshops during the first to the third vears 
uf education. The aim of introductory training is to help the student form an 
idea of the specific features of the industry m which he is destined to becmplo>ed 
on graduation. Apar! from arousing the student's interest in learning, such 
training helps acquainl him in depth with professional disciplines. 

The second phase of industrial (technological) training occurs on completion 
of the third-year programme. Students are, as a rule, required to undertake 
workers' jobs at this time. The aim is to gi\e them a chance to study the 
technology of production, ecjuipment, machinery, devices and organization 
of work on the spot. 

The third phase of industrial training comes after completion of the fourth 
year of study, at which time students are supposed to undertake engineering 
and technological duties in posts falling within the competence of the Chief 
Technologist, Chief Mechanic or Chief Economist of the industrial enterprise 
concerned. 

The fourth phase is known as pre-diploma training. Students are expected 
during this phase to collect material bearing on their diploma papers (projects) 
at industrial enterprises. 
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Thus, (lie o\er-all icnsiih of miiJor^radiiaic induMrial iraimng ran«iL\s from 
si\ 10 (cn nionilhs (depending on ilic speLiali/ed field of learniiiiz) for Uic 
eniire period of ediicaiion. 

InduMrial enierprises arc insiruLied lo Lollaboraie wiih specific inMiUiJions 
of Iiiszher learning in iliis respe^u (he appropnaic dircLliscb bcini: ibMied b> 
joini orders of ilic Minister of Higher and Spcciah/cd ScLondar> F:diicaiion 
and ihe niinisicrs of ihe appropriate branLhcs of jnduMrv. Siud-nis are eniiilcd 
10 grams from ihe insiuuiions of higher learning, and ihe factor i^., p.\y ihcm 
a salan o\er and abo\e the grant for work done as a non-acadeniiL assignment. 

The factory managers are under an obligation to mose the students from 
one working station to another, to make arrangements for IcLtures b\ leading 
factor) specialists, and to |/rovidc conditions for the students tostudv industrial 
production (fcclmologv. organization and economiLs) as a whole and in its 
indiNidual aspects. With this airii in \icw. training supervisors appointed bv 
higher school and factor), arc jointiv responsible for the execution of the 
factor) training prograrome .ppro\cd b\ the higher educational cstabhshmenus 
concerned on the basis of an organic link with theoretical schooling. With 
industrial training patterned along these hncs. Lour.c papers (projects) arc 
prepared on the basis of both theoretical knowledge and pra tical experience. 

Factor) training is also a rich source of material for diploma papers (project), 
which ma) prose of \alue not oni\ theoreticall) but also pra^licall) and the 
results of man\ such papers are in fact utilized in industrial production. 

When factory training takes place after graduation, it is divorced from 
theoretical schooling, and factor) managements can hardiv be expected to 
meet the rec|uirements of higher schools in terms of training content and 
procedure: the schools, m turn, (.annot kjcp industrial training iiiidcr control 
so that J IS in line with the eventual goal of training broad!) oriented cngmcers. 

One orher important consideration must be nienuor.cd: if a higher school 
graduate comes to a factor) to work and his subsistence becomes the factory ',s 
responsibiiitv. his cmplo)ment vull nccessari!) be geared (o the interests of 
this factor). Industrial training can onlv be clfectiNe if u is organized and 
controlled b) a higher school which regards t as an integral part c^f insirucMon 

If students take jobs to sUid) industrial production in vacation time, thcre- 
r.>rc. It Ilia) be said with certaintv that, in the *»bsence of anv supervision by 
the higher school, there will he no signihcant raising wf the ie\el of practical 
(rairanu for engineers. 
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Academic degrees and titles 



Tlicic arc iwo academic degrees iix ihe U.S. S R. Candidate of Science (m a 
speuali/cd field of sUid>) and Doctor of Science on a spjcLili/ed Held of Miidv ). 

Candidates of Science are trained, as a rule, tiiroijgh post-graduate stud> 
lasting three \ears and oirered b> rn^ljer educalion*d establish men ts and 
research institutions. Thib is a spec die form of training for highl> qualified 
teaching personnel and researchers. 

Those seeking regisiration for post-graduate stud\ must be graduates of a 
iiigher school, pass a conipctitise entrance examination, and complete an 
esvi\ which IS approsed b> the department head coiiLcincd. in his cssa>, the 
intending post-graduate student is expected to ju>»tif\ his t bpicc of subject for 
post-gradu»uc studv, stating whv this particular theinc should be studied at 
all and what contribution it ^an make to the development of science and 
technolog). He should also givc evidence of iii^ familiarit} with the proposed 
and adjacent lields of study. 

Post-graduate students are requir/d tu sit foi whai is known as a Candidate 5 
examination {m addition to the cnrran^e examination), to complete a thesis 
and to defend it in public. 

\ thesis for the degree of Candidate of Science must contain new scientific 
and practical conclusions and rci ommcndatior.s and show e\idence of the 
candidate s capacilv u> pursue further rcseaich studies without supervision^ 
his competence in the field of stiidv he is cn;:aged in. as well as his knowledge 
of the problems covered by ihe thesis. 

The post-grad ua»e student pu rsovs h;s studies on an individual plan approved 
bv ihe Academic Council of the higher educational establishmt;nt or research 
insi I tut I on concerned for the enure period of the post-graduate course. A 
supervisor selected from among those holding the degree of Doctor of Science 
is appointed to guide post-graduate students in their research. 

\ thesis for a Doctoral degree iiuist he a ful!> independent piece of research, 
*ind :/no\\ evidence of the solution of a major scientifjc problem and a significant 
contribution to learning in a practii.ai field of study. A candidate for a Doctoral 
degree is not required to take an\ ^iuallf>lng examin.itions, and no deadlines 
are fixed for the presentation of his work. 

The degree of Candidate of Science is awarded b> the Academic Council 
of the higher educational establishment or research mstitution concerned^ 
haMiig due regard to the results of the public defence. Compliance with the 
procedure for granting the degree is supervised b> the Degree AwaHing 
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C onmiLsMon scl up In ihc Mim^lr> of lliiilicr iUul SpoLUih/cd SoLoruKirv 
I diicaiion of ihc L S.S.R. 

\ person lioMmi: ih: dciircc of Ciiultd.itc of Slichlc oi liic iKiidctiix iiilc i»f 
IVv.)fcs>or. who sucLCOils in defending: ^{ \)c\.{otA\ llicsis in piibliL, is awarded 
ihe deuree of DulIof of SLieiKe The decree istiw<irded b\ llie Deizree Awarding 
ConiniLsMon on the reLoninieiuiation i)f ihe *iLadeniiL loiiiil!!^ of higlier 
cdiiealtonal establish men Ls or researeh insl mil ions. 

Ihe aLadeniic loiukiI- ni»»\ a^xepl ti ihesi.s fi>r defence no .si)i)ner than three 
nl^>tlth^ after the L»indK.ate\s last piibhshed Wi)ik on the the.sis. Th.i)>e seekinj; 
the degree of CandidiitJ or l)oLti>r of S^ien^j nui.st piibhsli an abstriH-t settrnu 
out the niatn content of the thcsi.s and eniinier«iting «dl pubhshed works on 
the topic, and cipLuLite LOpie> of the iibbtMct to interested institutK)!!^ and 
oriiani/ations »is well as to indiMdiial .sLienti.sts and speeiahsts. 

OlViLial opponents are then appointed at lea^t two for a Candidate's theM> 
and three (all Doeti>rs of S'^ieiKe) for a Doctoral thcSLs. and ii quahfied orUiin- 
i/atiun IS deML:n*ited ni>rniallv a research institution or a hiizher ediicatK)niil 
e^tabhshnlenl to wliieh the thesis is referred for exanirnation. 

In the hght i>f the disciissu)n i>f the thesis, tlie Academic Ci)uncil takes a 
deciMiwi h\ secret Killi>t. reqiiirniLi »i i^iii^ilified m*i(orit\ of the members \otiniZ- 

It wili be seen from tiie *ibo\e th*it candidates for aeademii. degrees luue «i 
complete higher ediu^tion within ri\e to six >ears. and are onl\ required lo 
re\eal their abiht\ in research *ind knowledge o^ the e!u)>.en field i)f study. 

Whether or iu>i an aw\ulemic degree is awarded depends wliollv on the 
scientilic le\el of the thesis and i>ii the extent of the contribution made to 
science. lechiu)li>g\ *irid culture, i e. on die signifiCiUice and .cope of seientilic 
ac*hte\enients- 

Uepending i>n tiieir *iLaaemic i>r research actiMt\. scientilic Wi)rkers nia\ be 
awarded, apart fri)ir. academic degrees, the follow uig acadenuc titles, (a) junior 
instructor in institutions i>f highei learning, and |unii)r researcher in research 
lnslltutIi>n^. ib) *issi»ciate professv)r in institutions i)f liigher learning, and senior 
research Tin rcscMivh iiutitutions. (c) professor u; iiistitutK)ns i)f higher leaiuing 
and rese*ireh institutions 

Those holding a lugher education diploma tuid hti^ing ^uflictent qiuiliTh.^ition 
fi>r academic or resetireh work *ire eligil>le fi>r the *icademie title of Junior 
lnstr.icti>r i>r Junior Researcher The dec!su>n is taken l)\ the rector of the 
institution i^f higlier learning or the director of the rese*ircli institution ci)ncern- 
ed, on the basl^ i>f a reci>mineiul*itii)n from the ac*idemic ci)uncil *irn\ed at 
In seeret ballot 

riie *ic*uicmic titie of Associate Pri>fessi>r i Senior Keseardiei ) nuiv be granted 
to those holdmg the degree i>f C^induKit-: of Science wlu> ha\e l)een appi)inted ti> 
a competitive post i)f *issoci*ile piofessor *it *in inaitutu)n oi higher learning or 
of senior rese*irchc*i" *it *i 'Mrdi institution, who luue remained in this post 
for at !ea^l i>r.i' \e*i. .tiid who luise ci)mpleteii and published during this time 
scicntilic works of signil"ic*ince fi>r the develi>pment of science *ind technok)g>- 

The ♦icadeniic tiile of IVi)fessi>i in*i> be granted ti> tlu>se lu>lding tlie degree 
of Doctor of Science. whi> ha\e l)een appointed to «i ci>mpctiti\e pi>st of 
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professor al an insuiuiion of hiiihcr Icaniiiii: or of professor or senior researcher 
al a research insiimiion, who have rematned in this posl for a leasi one year^ 
who ha\e completed and pubhshed durini: this lime stieniiliL works of signific- 
ance for ihe developmenl of science and iechnoIog>, and who hase izuided 
a niMiiber of siudenls in iheir posl-uraduaie studies 

The acadenilL lilies of Professor. Associale Professor and Senior Researcher 
are awarded h\ ihe Dcizree Awarding Commission on ihe reconimendalion 
of ihc JU Jidcmic council of ihe insliliilions concerned. 

Professors and dociors of science who have been engaged in successful 
research for man> \ears and who ha\e sohcd a numbci of major problems, 
Iherebv making an ouislanding Loniribuiion lo ihe dcnclopmenl of suencc 
and lechnoIoi:\, arc eh'gible for Ihc degree of Honoured Worker of Snence 
and Technolog\. This iiile is conferred b\ ihc Presidium of the Supreme Soxiel 
of Ihc consliuicni repubhc concerned on iho rcLommendalion of Ihe academic 
councils of insliluiions of higher learning or research inslilulions. 

The graniing of ihis lillc is nol dependenl on ihe candidate's age since 
research achie\enienls are ihe onl> crilcrion, bul ii usually goes to SLienlisls 
of from 50 lo 70 vcars old. 

The siud}. Us DuJcs Supcricunw. Pnwcfitatiofi Coniparatnv ik\ Regimes 
iilMsai^mnuNt it tics Dipionws, lo which reference has already been made, 
stales in the section de\oted to the United Kingdom that there are two dislinLi 
doctoral degrees (a) the Ph.D., which is awarded in many lielus of learning 
after two or three years of study, Lomplelion of independent rcsearLh work, 
submission of a thesis and passing one or two examinations; and (b) ihe 
Higher Doctorate, which is awarded to outstanding researchers who ha\e 
held a Ph.D for nian> vears and ha\e a series of original works, most . >\ them 
published, to their credit. 

Both doctoral degrees are considered to be the highest academiL degrees. 

Institutions of higher learning award professional degrees and diplomas in 
the following sequence. Diplonic i'niicru'tairc Ju V cydc after two years of 
study; Diphmic after three to four years of study, Luvmc in tl:e fourth year 
of stud>, \faitnsc on expiration of the fourth \ear of study, Ihntorat dv 
Spiciaiitc (iu 3 ( u/t' after six years of study, and Dintorat irijat ai'ter eight 
years of stud> . 

It will be noticed that the degree of Doitatr-ln^^aiiciir is not uiLluded in the 
lis! This IS defined in the above-mentioned study as a degree of higher eduta- 
tion, which is awarded following the completion of *i tvvo-ye*ir course of study 
and the defence of two theses renecting the candidate's work on the practical 
*ippIication of science in technology. The degree is awarded provided the can- 
didate holds a diploma attesting to an engineering education and three Lertihcatcs 
attesting to advanced training. 

Th IS means that those proceeding to the degree of D(n tcur-fm^cfiwiir *ire 
required to ha\e a Lonipleie higher education. However, the level signif>mg 
the completion of Iiigher education is nol specified Despite the requiremciU 
that a doLunienl be presented attesting to a higher eduL:aion, candidates arc 
required to take an additional course of study. Another point calling for 
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coniniciu IS Una Landkliucs an onI> cxpccicd to be able (o appl> scieniilic 
knowledge lo ilie solution of engineenniz problems The bUid> lends lo pui ihc 
degree of fhu tair-Ini^ain iir ,[nd ihai of Doctonit irfjaf on (he same fooling. 

The siud\ defines ihe Doctorat Luit as ihe highesi degree m Ingher school. 
Ho\\e\ei\ ihc degree of MaUnse is noi sulliLieni lo make a candidate eligible 
for a Diutorat irbat which neeessiiaies an iddiiional course of siiidy of ai 
leasi I wo years. 

In comparing requiremenis for ihe award of various academic" degrees, we 
can onl> emphasize again ihai ihc exisiing paiierns of training scieniihc person- 
nel in the United States, the United Kingdom and France do not stipulate the 
award of degrees for attainments in research alone, as is customary in the 
USSR. Hungary, Czechoslovakia and some other countries when the 
decision is taken to award a Doctoral degree. 

On the basis of available information, it is diflicuit to pronounce judgement 
on the cvmparabihtv of Doctoral degrees awarded in the United Kingdom and 
the United States, despite a fairly large degree of simi!arit> in tlie systems of 
higher education and researcher training in these countries. 

it can be asserted, however, that the requirements for the Doctoral degrees 
in the United Kingdom, United States and France, and the Candidate's degree 
m the USSR are identical in character. It goes without sa>ingthat the scieniihc 
level of Doctoral theses in each countr> and of candidates theses in the 
USSR varies, and for this reason comparison should be undertaken in 
terms of the lime it takes a candidate to complete a thesis and the levels of 
education he is required t > possess. If this approach is adopted in as.sessing 
the levels of Doctoral and Candidate's theses, there seems to be no diircrcnce 
in principle. 

The degree of Higher Doc Kate in the United Kingdom is comparable in 
sUiius to the degree of Honoured Worker of Science and Technoloiiv in the 
USS.R. 



^5 
\ * 



91 



Conclusions 



The Mini ol ihis paper Iki;> been lo .iniil>se in broad lernis ihe pailerns of 
engineer iraniing in ilie Unilcd Knigdoni.^ India. Uniled Stales, France and 
llic U.SS.R for the purpose of arriNing at a method jf estabhshnig coniparabil- 
il\ of leselsof cdiitiition r»Uher th*in as .cssing thcsMnd*ird of speciahsl tr*iniing. 
This MiNcstigation has prosed, in our mcw, that il is necessar> to establish an 
nucgr<il criterion to dctcnninc an academic IcncI of higher education 

HoNve\er. it is in no \\a\ suggested that the proposals put forward are 
conclusive or absolutely correct. 

U would be advisable to consider these proposals along the following lines. 
Is It possible at «ill to establish an integral criterion for an academic level 

of education with non-dimensioned parameters? 
Is there «i possible wa> of csi*iblishing the componenls of a non-dimensioned 

p*irametcr and determining their rcLilivc siiarc in assessing an *ic*idemic Icsel 

of education? 

Il might be useful, for example, to establish a p*irainetcr characterizing 
the scope of lescarch attempted by an institution of higher learning, in 
addition to one that would serve to assess the academic standard of its 
leaching stalV. 

Is It *idMs*ibIc lo define boundaries between engineer and researcher tr*iining, 
and determine a level at which higher education is completed and research 
acliviiy begins? 

Il would be eMreiiicIv useful if Unesco could draw a dividing line between, 
on the Oh: hand, the tuition of students, when prospective speciali.st^ master 
scieniilic knowledge to guiduate from higher school and. on the other, the 
training of scientists, v hen full> Hedged specialists engage in creative research 
activit> *ind proceed to *iLademiL degree.^ th*it *ire onl> *i warded for the solution 
of nuijor problems *ind the disco verv of new laws i elating to the development 
of science and technology. 
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